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Description 

The present invention relates to the microtiial production of phytase. 
5 Backqroun<;j of the Invention 

Phosphorus is an essential element for the growth of all organisms. In livestock production, feed must be supple- 
mented wHh inorganic phosphorus in order to obtain a good growtii performance of monogastric animals (e.g. pigs, 
pouftry and fish). 

10 In contrasl. no inorganic phosphate needs to be added to the feedstuffs of ruminant animals. Microorganisms. 

present in the rumen, produce enrymes which catalyze the conversion of phytate (myo-inositolhexakis-phosphate) to 

inositol and inorganic phosphate. 

Phytate occurs as a storage phosphaus source in virtually all feed substances originating from plants (for a review 

see: Phytic acid, chemistry and applications. E. Graf (ed.). Pilatus Press; Minneapolis. MN, U.S.A. (1966)). Phytate 
IS conprises 1 -3% of all nuts, cereals, legumes, oil seeds, spores and pollen. Complex salts of phytic add are termed phy- 

tin. Phytic acid is considered to be an anti-nutritional factor since it chelates minerals such as calcium, zinc, magnesium, 

iron and may also react with proteins, tiiereby decreasing the bioavailability of protein and nutritionally important min- 

erals. 

Phytate phosphorus passes through the gastro-intestinal tract of monogastric animals and is excreted in tiie 
20 manure. Though some hydrolysis of phytate does occur in tiie colon, the thus-released inorganic phosphorus has no 
nutritional value since inorganic phosphorus Is absorbed only in the small intestine. As a consequence, a significant 
amount of the nutritionally important phosphoms is not used by monogastric animals, despite its presence in the feed. 

The excretion of phytate phosphorus in manure has further consequences. Intensive livestock production has 
increased enormously during the past decades. Consequentiy, the amount of manure produced has increased con-e- 
ss spondingly and has caused environmental problems In various parts of tiie world. This Is due. in part, to the accumula- 
tion of phosphate from manure in surface waters which has caused eutrophication. 

The enzymes produced by microorganisms, that catalyze the conversion of phytate to inositol and inorganic phos- 
phorus are broadly known as phytases. Phytase produdng microorganisms comprise bacteria such asBaolLus subtilis 
(V.K. Paver and VJ. Jagannathan (1982) J. Bacteriol. 151 1102-1 108) and Pseudonomas (D.J. Cosgrove (1970) Aus- 
30 tral. J. Biol. Sci. 23. 1207-1220): yeasts such ac Sacchammvces cergvisiae (N.R. Nayini and P. Markakis (1984) Leb- 
ensmittel Wissenschaft und Technologie iZ 24-26): and fungi such as AsperaiHus ten-eus (K. Yamada, Y Minoda and 
S. >femamoto (1986) Agric. Biol. Chem. 32, 1275-1282). Various otiier AgpygUlM^ species are known to produce 
phytase. of which, the phytase produced by AsperQillusficuum has been determined to possess one of the highest lev- 
els of specific activity, as well as having better thermostability than phytases produced by other microorganisms (unpub- 
35 lished observations). 

The concept of adding microbial phytase to the feedstuffs of monogastric animals has been previously described 
(Ware. J.H.. Bluff. L and Shieh. TR. (1967) U.S. Paterit No. 3.297.548; Nelson, TS.. Shieh. TR.. WodzinsW. R.J. and 
\Afeire, J.H. (1971) J. Nutrition IflL 1289*1294). To date, however, application of this concept has not been commerdally 
feasible, due to the high cost of the production of the microbial enzymes (Y W. Han (1989) Animal Feed Sd. & Technol. 

40 2ii 345-350). For economic reasons. Inorganic phosphorus is still added to nrK>nogas1ric animal feedstuffs. 

Microbial phytases have found otiier industrial uses as wdll. Exemplary of such utilities is an industrial process for 
the production of starch from cereals such as com and wheat. Vteste products comprising e.g. corn gluten feeds from 
such a wet milling process are sold as animal feed. During the steeping process phytase may be supplemented. Con- 
ditions (T « 50*C and pH = 5.5) are ideal for fungal phytases (see ag. European Patent Application 0 321 004 to AIko 

45 Ltd.). Advantageously, animal feecte derived from the waste products of this process will contain phosphate instead of 
phytate. 

It has also been conceived that phytases may be used in soy processing (see Finase"* Enz;ymes By Alto, a product 
intomiation brochure published by AIko Ltd., Riyamdki, Finland) . Soybean meal contains high levels of tiie anti-nutri- 
ttonal fector phytate which renders tftis protein source unsuitable for application in baby food and feed for fish, calves 
50 and other non-ruminants. Enzymatic upgracBng of this valuable protein source improves tie nutritional and commercial 
value of ttiis material. 

Other researchers have become interested in better characterizing various phytases and in^roving procedures for 
the production and use of these phytases. Ullah has published a procedure for ttie purification of phytase from wild-type 
Aspemillus ficuum. as well as having determined several biochemical parameters of the product obtained by this puri- 
55 fication procedure (Ullah, A. (1988a) Preparative Biochem. Jfi. 443-458). Pertinent data obtained by Ullah is presented 
in Table l.bekiw. 

The amino ackJ sequence of the N-terminus of the A. ficuum phytase protein has twice been disclosed by Ullah: 
Ullah. A. (1987) Enzyme and Engineering conference IX. October 4-8, 1987, Santa Barbara. California (poster presen- 
tation); and Ullah, A. (1988b) Prep Biochem. Ifi, 459-471. The amino add sequence data obtained by Ullah is repro- 
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duced in Rgure 1 A. sequence E. b^ow. 

Several interesting observations may be rrade from the disclosures of Ullah. Rrst of all, the "purified' preparation 
desaibed in Ullah (1988a and 1988b) oonsists of two protein bands on SDS-PAGE. We have found, however, that 
phytase purified from A. ficuum contains a contaminant and that one of the tends found on SDS-PAGE. identified by 
5 Ullah as a phytase. Is originating from this contaminant. 

This difference is also apparent from the amino add sequencing data published by Ullah (1987, 1988b; compare 
Figure 1 A, sequences A and B with sequence C). We have determined, in fact, that one of the amino acid sequences 
of internal peptides of phytase described by Ullah (see Rgure 1B. sequence E) actually belongs to the contaminating 
100 kDa protein (Figure 1C) which is present in the preparation obtained via the procedure as described by Ullah, and 
10 seen as one of the two bands on SDS-PAQE (Ullah, 1 988a and 1 98^). Ullah does not recognize the presence of such 
a contaminating protein, and instead Identrfies it as another tonn of phytase. The presence of such contanrnination, in 
tum, increases the difficulty in selecting and isolating the actual nucleotide sequence encoding phytase activity Fur- 
thermore, the presence of the contamination lowers the specific activity value of the protein tested. 

Further regarding the sequence published by Ullah, It should be noted that the anHno add residue at position 12. 
IS has been disclosed by Ullah to be glycine. We have consistently found using protein and DNA sequencing techniques, 
that this residue is not a glycine but is in fact a cysteine (see Rgures 6 and 8). 

Finally, Ullah discloses that phytase is an 85 kDa protein, with a molecular weight after degtycosylation of 61 .7 kDa 
(Ullah, 1988b). This number, which is much tower than the earlier reported 76 kDa protein (Ullah. A. and Gibson, D. 
(1988) Prep. Biochem. 17f1V 63-91) was based on the relative amount of carbohydrates released by hydrolysis, and 
20 the apparent molecular weight of the native protein on SDS-PAGE. We have found, however, that glycosylated phytase 
has a single apparent molecular weight of 85 KDa while the deglycosylated protein has an apparent molecular weight 
in the range of 48 - 56.5 kDa, depending on the degree of deglycosylation. 

Mullaney M al (Filamentous Fun^ Conference. April, 1 987. Padf ic G^ove. Calilbmia (poster presentation) also dis- 
close the characterization of phytase from A, ficuum . However, this report also contains mention of two protein bands 
25 on SDS-PAGE. one of 85 kDa, and one of 100 KDa, which were present in the "purified" protein preparatbn. These pro- 
tein bands are l^oth identified by the authors as being forms of phytase. A method for transforming microbiail hosts is 
proposed, but has not been reported. The cloning and isolation of the DfsIA sequence encoding phytase has not been 
desaibed. 

It will be appreciated that an economical procedure for the production of phytase will be of significant Ibenef it to, 
30 inter alia, the animal feed industry One method of producing a more economical phytase would be to use recombinant 
DMA technk|ues to raise expression levels of the enzyme in various microorganisms known to produce higti levels of 
expressed peptides or proteins. To date, however, the isolatton and cloning of the DNA sequence encoding phytase 
activity has not been published. 

35 SMmmary of the InvfintiQn 

The present invention provides a purified and isolated DNA s^uence coding for phytase. The isolation and cloning 
of this phytase encoding DNA sequence has been achieved via the use of specific oligorujcleotide probes v^lhich were 
developed especially for the present invention. Preferred DNA sequences encoding phytases are obtainable from f un- 
40 gal sources, especially filamentous fungi of the genus Asoerpillus. 

It is another object of the present invention to provide a vector containing an expression construct wNch further 
contains at least one copy of at least one, preferably homologous DNA sequence encoding phytase, operedDly linked to 
an appropriate regulatory region capable of directing the high level aqsression of prides or proteins having phytase 
activity in a suitable expression host. 
46 The expression construct provided by the present invention may be inserted into a vector, preferably a plasmid, 
which is capaksle of transforming a microbial hasi cell and integrating into the genome. 

It is a further object of the present invoition to provide a tran^rmant. preferably, a microbial host whtoh has been 
transformed by a vector as desaibed in the preceding paragraph. The transfbmied hosts provided by the present inven- 
tion are filamentous fungi of the genera Aqoerplllus. Trichoderma. Mucor end Penidllium. yeasts of the genera Muy- 
so veromyces and Saccharomvces or bacteria of the genus Bacillus. Especially preferred expression Duosts are 
filamentous fungi of the genus AsDeraillus. The transformed hosts are capable of producing high levels of reconnbinant 
phytase on an economical, industrial scale. 

In other a^^ects. the invention is directed to reoonrrbirmnt peptides and proteins having phytase activity in glyco- 
sylated or ungtycosylated form; to a method for the production of said unglycosylated p^>tid^ and proteins; to peptides 
55 and proteins having phytase activity which are free of impurities; and to monoclonal antibodies reactive t^^fith these 
recombinant or purified proteins. 

A comparison of the biochemical parameters of the purified wlkl-type A. ficuum phytase as obtained) by Ullah, 
against the further purified wiki-type A. ficuum phytase, obtained via the present invention, is found in Table 1 , below. 
Of particular note is the specific activity data wherein it is shown that the purified protein which we have obtaiined has 
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twice the epecrfic activity of that which was published by Uiiah. 

The present invention further provides nucleotide sequences encoding proteins exhibiting phytase activity, as well 
as amino acid sequences of these proteins. The sequences provided may be used to design oligonudeotide probes 
which may in turn be used In hybridization screening studies for the identification of phytase genes from other species. 
5 especially microbial species, which may be subsequently isolated and doned. 

The sequences provided by the present invention may also be used as starting materials for the construction of 
"second generation" phytases. "Second generation" phytases are phytases. altered by mutagenesis techniques (e.g. 
site-directed mutagenesis), which have properties that differ from those of wild-type phytases or recombinant phytases 
such as those produced by the present invention. For example, the temperature or pH optimum, specific activfty or sub- 
10 strata affinity may be altered so as to be better suited for application in a defined process. 

Within the context of the present invention, the term phytase embraces a family of enzymes which catalyze reac- 
tions involving the renrtoval of inorganic phosphorous from various myoinositol phosphates. 

Phytase activity may be measured via a number of assays, the choice of which is not critical to the present inven- 
tion. For purposes of illustration, phytase activity may be determined by measuring the amount of enzyme which liber- 
15 ates inorganic phosphorous from 1 .5 rvM sodium phytate at the rate of 1 unrolAnin at 37*0 and at pH 5.50. 

It should be noted that the term "phytase" as recited throughout the text of this specification is intended to encom- 
pass all peptides and proteins having phytase activity. This point Is illustrated in Rgure 1 A which compares sequences 
A and B (sequences which have been obtained during the course of the present work) with sequence C (putJiished by 
Ullah, 1988b). The Figure demonstrates that proteins may be obtained via the present invention which lack the first four 
so amino acids (the protein of sequence A lacks the first seven amino acids) of the mature A. iwm phytase protein. 
These proteins, however, retain phytase activity. The complete amino acid sequence of the phytase protein, as deduced 
from the corresponding nudeotide sequence, is shown in Figure 8. 

Phytases produced via the present invention may be applied to a variety of processes which require the conversion 
of phytate to inositol and inorganic phosphate. 
2$ For exanple, the production of phytases according to the present invention will reduce production costs of microbial 
phytases in order to allow its economical application in animal feed which eventually will lead to an ipvlvp price/perform- 
ance ratio competitive witii inorganic phosphate. As a further benefit, tiie phosphorus content of manure will be consid- 
erably decreased. 

It will be appredated that the application of phytases. available at a price competitive with inorganic phosphate, will 
30 increase the degrees of freedom for the compound feed industry to produce a high quality feed. For example, when feed 
is supplemented with phytase, flie addition of inorganic phosphate may be omitted and the contents of various materials 
comaining phytate may be Increased. 

In addition to use in animal feeds and spy processing as discussed above, the phytase obtained via the present 
invention may also be used in diverse industrial applications such as: 

- liquid feed for pigs and poultry. It has become common practice to soak feed for several hours prior to feeding. Dur- 
ing this period tiie enzyme will be able to convert phytate to inositol and inorganic phosphate: 

- an industrial process for the production of inositol or inosttol-phosphates from phytate; 

- other industrial processes using substrates that contain phytate such as the starch industry and in fermentation 
40 industries, such as the brewing industry. Chelation of metal ions by phytate may cause these minerals to be una- 
vailable for tiie production microorganisms. Enzymatic hydrolysis of phytate prevents these problems. 

These and otiier objects and advantages of the present invention will become apparent from the fbllowing detailed 
description. 

45 

Rrirf rift«:riptiQn of the Figures 
Figure 1. 

so A. N-terminal amino acid sequences as determined for purified phytase. The amino add sequences 

labeled A and B are provided by the present invention, and alginate from the phytase subfbrnns with 
isoelectric points of 5.2 and 5.4, respectively. Sequence C is cited from Ullah (1987. 1d88b, supra). 
The amino ackJ residue located at position 12 of sequences A and B has been determined by the 
present invention not to t)e a glycine residue. [* denotes no unambigous identification. ** denotes no 

55 residue detected.] 

B. N-terminal amino acid sequences of CNBr-cleaved internal phytase fragments. The amino add 
sequences labeled A and B (apparent molecular weight approximately 2.5 kDa and 36 kDa peptides, 
respectively) are provided by the present invention. Sequences C through E are cited from Ullah 
(igisab, supra). 
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C. N-terminal amino acid sequence of a 100 kDa protein which has been found by the present inven- 
tion to be present in aude phytase samples. 



Figure 2. 



A. Oligonucleotide probes designed on basis of the data from Rgure 1 A. peptides A through E. 

B. Oligonucleotide probes designed on the basis of the data from Figure 1 B. peptides A and B. 



Figure 3. Oligonucleotide probes used for the isolation of the gene encoding the acid-phosphatase. 

Rgure 4. Restriction map of bacteriophage lambda AF201 containing the phytase locus of A. ficuum . The arrow 
indicates the position of the phytase gene and the direction of transcription. Clone # shows the subclones 
derived with indicated restriction enzymes from phage AF201 in pAN 8-1 (for pAF 28-1) and in pUC19 
(fbr all other subclones). 

Rgure 5. Physical map of pAF M. The 10 kb Bam HI fragment, inserted in pUC19, contains the entire gene 
encoding acid phosphatase from A. ficuum . 

Rgure 6. Compilation of the nucleotide sequences of plasmids pAF 2-3, pAF 2-6, and pAF 2-7 encompassing the 
£10 chromosomal phytase gene locus. The phytase coding region is located from nucleotide position 210 to 

position 1 713; an intron is present in the chromosomal gene from nucleotide position 254 to position 355. 
Relevant features such as restriction sites, the phytase start and stop oodons. and the intron position are 
indicated. 

25 Rgure 7. Detailed physical map of the sequenced phytase chromosomal locus; the arrows indicate the location of 

the two exons of the phytase coding region. 

Figure 8. Nucleotide sequence of the translated region of the phytase cDNA fragment and the derived amino acid 
sequence of the phytase protein; the start of the mature phytase protein is indicated as position +1. The 
30 amino-terminus of the 36 kDa internal protein fragment is located at amino acid position 241 , whereas 

the 2.5 kDa protein fragment starts at amino acKl position 390. 

Rgure 9. Physical map of the phytase expression cassette pAF 2-2S. Arrows indicate the direction of transcription 
of the genes. 

35 

Rgure 10. lEF-PAGE ev/idence of the overexpression of phytase in an A. ficuum NRRL 3135 transformant. Equal 
volumes of culture supernatant of A. ficuum (lane 1) and transformant pAF 2-2S SP7 (lane 2). grown 
under identical conditions, were analysed on a Phast-System (Pharmacia) lEF-PAQE gel in the pH- 
range of 4.5-6. For comparison, a sample of A. ficuum phytase. purified to homogeneity was included 
40 either separately (tane 4), or mixed with a culture supernatant (lane 3). The gels were either stained with 

a phosphatase stain described in the text (A), or with a general protein stain (Coomassie Brilliant Blue, 
B). The phytase k>ands are indicated by an asterisk. 

Rgure 1 1 . lEF-PAGE evidence for the overexpression of phytase in A. niger CBS 513.88 transformants. Equal vol- 
46 umes of culture supernatants of the A. niaer parent strain (lane 1), or the transformants pAF 2-25 #8 

(lane 2), pFYTS #205 (lane 3) & #282 (lane 4) were analysed by IEF-PA3E as described in the legend 
of Fig. 10. The gels were either stained by a general phosfi^atase activity stain (A) or by a general protein 
stain (B). Phytase t)ands are indicated by an asterisk. 

so Rgure 12. Physical map of pAB 6*1. The 14.5 kb HIndlll DNA insert in pUCl9 contains the entire glucoamylase 

(AG) locus from A. niger. 

Rgure 13. A schematic view of ttie generation of AQ promoterA3hytase gene fusions by tiie polymerase chain reac- 
tion (PCR). The sequences of ail oligonucleotide primers used are indicated in tiie text. 



Rgure 14. Physical map of the phytase expression cassette pAF 2-2SH. 

Rgure 15. Physical maps of tiie intermediate constructs pXXFYTI, pXXFYT2 and the phytase expression cas- 
settes pXXFYTS, wherein XX indicates the leader sequence (L). In p18FYT# and p24FYT#, respectively 
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the 1 8 aa and the 24 aa AG leader sequence are inserted whereas in pFYT#, the phytase leader is used. 

Figure 1 6. Physical map of plasmid pFYTB amdS. 

Figure 1 7. Physical map of plasmid pFYTBIISfT. 

Figure 1 8. Physical map of the phylase/AQ replacement vector pREPFYT3. 

Figure 19. Autoradiographs of chromosomal DNA. digested with Pvull (A) and BfimHI (B) and hybridized with the 
^^P-labeled A. ftcuum phytase cDNA as probe of the microbial species S. cerevisiae (lane 2); B. subtiliS 

(lane 3): K. iactis (lane 4); P crysogenum (lane 5); P. aeruginosa (lane 6); S. lividans (lane 7): A. niger 1 
tig (lane 8); AJSiflfiCS ng (lane 9); blank (lane 10); C- thymoCftilum (lane 1 1). Lane 1: marker DNA. 

Detailed Desc pp^'"" Q^^^e Invention 

The cloning of the genes encoding selected proteins produced by a microorganism can be achieved in various 
ways. One method is by purification of the protein of interest, subsequent determination of its N-terminal amino acW 
sequence and screening of a genomic library of said microorganism using a DNA oligonucleotide probe based on said 
N-termlnal amino add sequence. Examples of the successful application of this procedure are the cloning of the Iso- 
penicillin N-synthetase gene from Cephalosoorium acremonlum (S.M. Samson el gl. (1 985) Nature llfi, 1 91 -1 94) and 
the isolation of the gene encoding the TAKA amylase for AsDeroillus gryza^ (Boel fit il. (1986) EP-A-0238023). 

Using this procedure, an attempt has been made to isolate the Asperoillusficuum gene encoding phytase. The pro- 
tein has been purified extensively, and several biochemical parameters have been detemnined. The data obtained have 
been compared to the data published by Ullah (1988a). Both sets of data are given in Table 1 , betow. 



Table 1 



Biochemical parameters of purified wild-type A. f icuum phytase 


Parameter 


Present invention 


Ullah 


Specif tc activity* 
Purity SDS-PAGE 
lEF-PAQE 
Km (Affinity constant) 


100 U/mg protein 
85kDa 
3 or 4 bands 
250 iiM 


50 U/mg protein 
85/100kDa 
not done 
40 


Specificity for: 






hositol-l-P 

lnositol-2-P 

pH optimum 

Temp, optimum (^C) 

mJ (kOa)** 

MW (unglycosylated)** 

Isoelectric Point*** 


not active 

Km = 3.3mM 

2.5 and 5.5 

50 

85 

56.5 

5.0-5.4 


not active 
5% activity 
2.5 end 5.5 
58 

85 and 100 

61.7 

4.5 



* Phytase activrty is measured by Ultah at 5S°C rather than at 37*^:. A 
unit of phytase activity is defined as that amount of enzyme which lacer- 
ates inorganic phosphonjs from 1 .5 mhA sodium phytote at the rate of 1 
limd/min at ZT*C and at pH 5.50. To compare the fennentalion yields 
and the spedfic activities, the activities disclosed by Ullah were oon«cled 
for the temperature difference. The oon-ection Is t>ased on the differenoe 
in phytase activity measured at 37^ and at 58°C as shown in Table III of 
Ullah (1988b). 

** Apparent Molecular weight as determined by SDS-PAGE. 
As determined by lEF-PAGE 
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In order to isolate the gene encoding phytase. a first set of oligonucleotide probes was designed according to the 
above-described method (Fig. 2A). The design of these probes was based on the amino add sequence data. As a con- 
trol for the entire procedure, similar steps were taken to isolate the gene encoding add-pho^hatase, thereby using the 
protein data published by Ullah and Cummins ((1987) Prep. Biochem 17, 397-422). For addi3hosphatase, the con-e- 
5 spending gene has been isolated without difficulties. However, for phytase. the situation appear^ to be different. 
Despite n^ny attempts in which probes derived from the N-terminal amino add sequence were used, no genomic DNA 
fragments or dones from the genomic library could be isolated which could be positively identified to encompass the 
gene encoding phytase. 

To overcome this problem, the purified phytase was subjected to CNBr-dlrected cleavage and the resulting protein 
10 fragments were isolated. The N-terminal amino add sequences of these fragments were determined (Rg. 1 B) , and new 
oligonucleotide probes were designed, based on the new data (Fig. 2B). Surprisingly, the new oligonucleotide probes 
did identify ^ecific DNA fragments and were suited to unambiguously identify clones from a genomic library. No aoss 
hybridization was observed between the new clones or DNA fragments isolated therefrom, and the first set of oligonu- 
cleotide probes or the clones isolated using the first set of probes. 
IS It will be appreciated that this second set of probes may also be used to identify the coding sequences of related 
phytase. 

The newly isolated clones were used as probes In Northern blot hybridizations. A discrete mRNA oould only be 
detected when the mRNA was isolated from phytase producing mycelium. When RNA from non-phytase produdng 
mycelium was attempts, no hybridization signal was found. TTie mRNA has a size of about 1800 b. th^etically yield- 
20 ing a protein having a maximal molecular weight of about 60 kDa This value corresponds to the molecular weight which 
has been determined tor the non-glycosylated protein, and the molecular weight of the protein as deduced from the 
DNA sequence. 

Moreover, when introduce into a fungal cell by transformation, an inaease in phytase activity could be demon- 
strated. This indicates conclusively that the nucleotide sequence encoding phytase has indeed been isolated. The 

25 amino add sequences which have been detemftined fbr the purified phytase enzyme, and for the CNBr fragments 
obtained therefrom, concur with the amino add sequence deduced from the sequence which was determined for the 
cloned gene. The nudeotide sequence and the deduced amino acid sequence are given in Rgures 6 and 8, and further 
illustrate the cloned sequence encoding phytase. 

The isolation of the nucleotide sequence encoding phytase enat^les the economical production of phytase on an 

30 industrial scale, via the application of modern recombinant DNA techniques such as gene amplification, the exchange 
of regulatory elem&its such as e.g. promoters, secretional signals, or combinations thereof. 

Accordingly, the present invention also comprises a transformed expression host capable of the effk:iem expression 
of high levels of peptides or proteins having phytase activity and, if d^ir^, the effident expression of acid phos- 
phatases as well. E)9)re88ion hosts of interest arefilamentous fungi selected from the genera As p er giHufi. TrichodBrma. 

35 Mucor and Penidlllum. yeasts selected from the genera Kluyveromyees and Saocharomycos and bacteria of the genus 
Bacillus . Preferably, an expression hcst is selected which is capable of the effident secretion of their endogenous pro- 
teins. 

Of particular interest are industrial strains of Asperoillus. especially niaer. ficuum. awamori or oryzae . Alternatively, 
Trichoderma reesei. f\/iucor miehei. Kluweromvces lactis. Saccharomyces cerevislae. Badllus subtilis or Bacillus 
40 licheniformis may be used. 

The expression construct will comprise the nucleotide sequences encoding the desired enzyme product to be 
pressed, usually having a signal sequence which is functional in the host and provides lor secretion of the product 
peptide or protein. 

Various signal sequences ma^ be used according to the present invention. A signal sequence which is homologous 
45 to the ctoned nudeotide sequence to be expressed may be used. Alternatively, a signal sequence which is honrtologous 
or substantially homologous with the ^gnal sequence of a gene at the target locus of the host may t^e used to fadlitate 
homologous recombination. Furth^more. signal sequence which have been designed to provide fbr inproved secre- 
tion from the selected expressbn host may al^ be used. For example, see Von Heyne (1983) Eur J. Biochem. 133. 
17-21; and Perlman and Halverson (1983) J. Mol. Biol. 167. 391-409. The DNA sequence encoding the signal 
so sequence may be joined directly through the sequ&ice encoding the processing signal (cleavage recognition site) to 
the sequ^ce enocxJing the desired protein, or through a short bridge, usually fewer than ten codons. 

Preferred secretional signal sequences to be used within the scope of tHe present invention are the signal 
sequence homologous to the doned nudeotide sequence to be expressed, the 18 amino add glucoamylase (AO) sig- 
nal sequence and the 24 amino add glucoamylase (AG) signal sequence, the latter two being either homologous or het- 
55 erdogous to the nudeotide sequence to be expressed. 

The expression product, or nudeotide sequence off interest may be DNA which is homologous or heterologous to 
the expression host 

"Homologous'' DNA is herein defined as DNA originating from the same genus. For example, A^erqillus is trans- 
formed with DNA from Aspergillus. In this way it is possible to improve already existing properties of the fungal genus 



7 



EP0779037A1 

without introducing new properties, which were not present in the genus before. 

"Heterologous" DNA is defined as DNA originating from more than one genus. I.e., as follows from the example 
given In the preceding paragraph, DNA originating from a genus other than Aspergillus, which is then expressed in 
Aspefqlllus. 

5 Nucleotide sequences encoding phytase activity are preferably otjtained from a fungal source. More preferred are 
phytase encoding nucleotide sequences obtained from the genus Asperpillua. Most preferred sequences are obtained 
from the species Asperpillus ficuum or Asperirillus nioer. 

The region 5* to the open reading frame in the nucleotide sequence of interest will comprise the transaiptional ini- 
tiation regulatory region (or promoter). Any region functional In the host may be employed, including the promoter which 

10 is homologous to the phytase-encodlng nucleotide sequence to be expressed. However, for the most part, the region 
which is employed will be homologous with the region of the target locus. This has the effect of substituting the expres- 
sion product of the target locus with the expression product of interest. To the extent that the level of expression and 
secretion of the target locus encoded protein provides for efficient production, this transcription initiation regulatory 
region will normally be found to be satisfactory. However, in some instances, one may wish a higher level of transcription 

IS than the target locus gene or one may wish to have inducible expression employing a particular inducing agent In those 
instances, a transcriptional initiation regulatory region wilt be employed which is different from the region in the target 
locus gene. A large number of transcriptionat initiation regulatory regions are known which are functional in filamentous 
fungi. These regions include those from genes encoding glucoamylase (AG), fungal amylase, acid phosphatase. 
GAPDH. lipC. Amd S. ^A. ^A, histone KI2A. E^4, EyiG. isopenidllin N synthetase, PQK. acid protease, acyl trans- 

20 ferase, and the like. 

The target locus will preferably encode a highly expressed protein gene, i.e., a gene whose expression product is 
expressed to a concentration of at least about 0.1 g/l at the end of the fermentation process. The duration of this proc- 
ess may vary inter alia on the proten product desired. As an example of such a gene, the gene encoding glucoamylase 
(AG) is illustrative. Other genes of interest include fungal a-amylase. acid phosphatase, protease, acid protease, lipase. 

25 phytiise and celiobtohydrolase. Especially prefmed target loci are the glucoamylase gene of A. ni qer. the fungal amy- 
lase gene of A. oryzae. the cellobiohydrolase genes of X reesei . the add protease gene of Mucor miehei. the lactase 
gene of Klu yveromvces lactis or the invertase gene off Saccharomvces cerevisiae . 

The transcriptional termination regulatory region may be from the gene of interest, the target locus, or any other 
convenient sequence. Where the construct indudes further sequences of interest downstream (in the direction of tran- 

30 scription) from the gene of interest, the transcriptional termination regulatory region, if homologous with the target 
locus, should be substantially smaller than the homologous flanking region. 

A selection marker is usually employed, which may be part of the expression construct or separate from the expres- 
sion construct, so that it may integrate at a site different from the gene of interest. Since the recombinant mdecutes of 
the invention are preferably transformed to a hoet strain that can be used fbr industrial production, selection markers to 

35 monitor the transformation are preferably dominant selection markers, i.e., no mutations have to be introduced into the 
host strain to be able to use these selectton markers. Examples of these are markers that enable transfbrmants to grow 
on defined nutrient sources (e.g. the A. aidula£& onslS gene enables A. niger transfbrmants to grow on aoetamide as 
the sole nitrogen source) or markers that confer resistance to antibiotics (e.g.. the U& gsne confers resistance to phle- 
omycln or the Ugh gene confers resistance to hygromydn B). 

40 The selection gene will have its own transcriptional and translational initiation and termination regulatory regions to 
allow fbr independent expression of the marker. A large number of transaiptional initiation regulatory regions are known 
as described previously and may be used in conjunction with the marker gene. Where antibkitk; resistance is employed, 
the concentration of the antibiotic fbr selection will vary depending upon the antibntic. generally ranging from about 30 
to 300 |ig/ml of the antibiotic. 

45 The various sequences may be joined in accordance with known techniques, such as restriction, joining comple- 
mentary restriction sites and ligating, blunt ending t>y filling in overhangs and blunt ligation, Bal31 resection, primer 
repair, in vitro mutagenesis, or the like. Polyftnkers arnj adapters may be employed, when appropriate, and introduced 
or removed by known techniques to allow for ease of assembly of the expression construct. At each stage of the syn- 
thesis of the construct, the fragment may be cloned, analyzed by restriction enzyme, sequencing or hybridization, or ttie 

50 like. A large number of vectors are available for doning and the particular chotoe is not altical to this Invention. Normally, 
doning will occur in E. coli . 

The flanMng regions may indude at least part of the open reading frame of the t^krget k)cus, particularly the signal 
sequence, the regulatory regions 5' and 3' of the gene of the target locus, or may extend beyond the regulatory regions. 
Normally, a flanking region will be at least 100 bp, usually at least 200 bp. and may be 500 bp or nriore. The flanking 
55 regions are selected, so i» to disrupt the target gene and prevent its expression. This can be achieved by inserting the 
expression cassette (comprising the nudeotide sequence to be expressed and optionally induding additional elements 
such as a signal sequence, a transcriptional initiatton regulatory region sequence and/or a transcriptional termination 
regulatory region sequence) into the open reading frame proximal to the 5' region, by substituting all or a portbn of the 
target gene with the expression construct or by having the expression construct intervene between the transcriptional 
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iniliatjon regulatory region at the target locus and the open reading frame. As already indicated, where the termination 
re^latory region is homologous with the region at the target locus, the 3'-f lanldng region should be substantially larger 
than a termination regulatory region present in the construct. 

TTie present invention also provides the starting material for the construction of 'second-generation' phytases, i.e. 
5 phytase enzymes with properties that differ from those of the enzyme isolated herein. Second-generation phytases may 
have a changed temperature or pH optimum, a changed specific activity or affinity for its substrates, or any other 
change quality that makes the enzyme more suited fbr eqsplicatlon In a defined process. E. coH is the best host fbr such 
mutagenesis (e.g. site-directed mutagenesis). Since E. coli lacks the dicing machinery for the removal of introns which 
might be present in the phytase gene, a cDNA clone of phytase is the sequence of choice to be expressed in E. coli . 
10 This cDNA sequence can be readily mutated tjy procedures well known in the art after which the mutated gene may 
be introduced into the desired expression constructs. 

The construct may be transformed into the host as the cloning vector, either linear or circular, or may be removed 
from the doning vector as desired. The cloning vector is preferably a plasmid. The plasmid will usually be linearized 
within about 1 kbp of the gene of interest. Preferably, the expression construct for the production of the phytases of the 
IS present inventton will be integrated into the genome of the selected expression host. 

A variety of techniques exist fbr transformation of filamentous fungi. These techniques indude protoplast fusion or 
transformation, electroporation and micro-projectile firing into cells. Protoplast transformation has been found to be suc- 
cessful and may t>e used with advantage. 

Mycelium of the fungal strain of interest is first converted to protoplasts by enzymatic digestion of the cell wall in the 
20 presence of an osmotic stabilizer such as KCI or sorbitol. DNA uptake by the protoplasts is aided by the addition of 
CaCl2 and a concerrtrated solution of polyethylene glycol, ttie latter substance causing aggregation of the protoplasts, 
by which process the transforming DNA is included in the aggregates and taken up by the protoplasts. Protoplasts are 
subsequently allowed to regenerate on solid medium, containing an osmotic stabilizer and, when appropriate, a selec- 
tive agent for which the resistance is encoded by the transforming DNA. 
25 After selecting tor transformants, the presence of the gene of Interest may be determined in a variety of ways. By 
employing antibodies, wh^-e the expr^on product is heterologous to the host, one can detect the presence of expres- 
sion of the gene of Interest. Alternatively, one may use Southern or Northern blots to detect the presence of the inte- 
grated gene or its transaiption product. 

Amplification of the nucleotide sequence or expression construct of interest may be achieved via standard tech- 
30 niques such as, the introduction of mult9)le copies of the construct in the transforming vector or the use of the amdS 
gene as a selective marker (e.g. Weinans fit §1. (1985) Current Genetics, 9. 361 -368). The DNA sequence to be wmpW- 
fled may comprise DNA which Is either homologous or heterologous to the e3q3resslon host as discussed above. 

TTie cells may then be grown in a convenient nutrient medium. Low concentrations of a protease inhibitor may be 
employed, such as phenylmethylsulfonyl fluoride, a2-macro-globulins, pepstatin. or the like. Usually, the concentration 
35 will be m the range of about 1 ^gAnl to 1 rngM, The protease gen6(8) rray be inactivated In order to avokl or reduce 
degr^ation of the desired protein. 

The transformants may be grown in either batch or continuous fermentation reactors, where the nutrient medium is 
isolated and the desired product extracted. 

Various methods for purifying the product, If necessary, may be employed, such as chromatography (e-g., HPLC), 
40 solvent-solvent extraction, electrophoresis, contoinations thereof, or the like. 

The present invention also provides a downstream processing method in which the fermentation broth (optionally 
purified) is filtered, fdlowed by a second germ-free flttration, after which the filtered &>lution is concentrated. The thus- 
obtained liquid concentrate ms^ be used as follows: 

45 a) Phytase and other proteins may be predpitated from the liquid concentrate by adding acetone to a final volume 
of 60% (v/v) under continuous stimng. The precipitate may be dried in a vacuum at SS^'C. After grinding the dry 
powder, the enzyme product may be leed as such for application experiments. Recovery yields are about 90%. 
b) The liquid concentrate may b& spray-dried using conventional spray-drying techniques. Recovery yields vary 
from 80 to 99%. 

50 c) The liquki concentrate may be mixed with carrier materials such as wheat bran. The thus-obtained mixture may 
be dried in a spray tower or in a fluid bed. 

d) The ItqukI concentrate may be osmotically stabilized by the addition of e.g/sofbitol. A presen/ative such as ben- 
zoic add may be added to preMsnl microbial contamination. 

55 All four formulations may be sold to premix manufacturers, compound feed industries, other distributors and farm- 
era 

The examples h&&n are given by way of Illustration and are in no way intended to limit the scope of the present 
invention. It will be obvious to those skills in the art that the phytase gene of the invention can be used in heterologous 
hybridization experiments, directed to the isolation of phytase encoding genes from other microorganisms. 
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Example 1 

Fermentation of A. ficuum NRRL 3135 

5 Aspergillus ficuum strain NRRL 3135 was obtained from the Northern Region Research Lab. USDA. 1815 North 
University Street. Peoria. Illinois. USA. Fungal spore preparations were made following standard techniques. 

Spores and subsequently cells were transferred through a series of batch femientations in Erienmeyer flasks to a 
10 1 fermentor. After growth in batch culture, the contents of this fernientor were used as inoculum for a final 500 liter 
batch fenmentation. 

10 The media used contains: 91 g/l corn starch (BDH Chemicals tJd.); 38 g/l glucose. HgO; 0.6 g/t MgS04.7H2O; 0.6 
KCI; 0.2 g/l FeS04.7H20 and 12 g/l KNQ3. The pH was maintained at 4.6 ± 0.3 by automatic titration with either 4N 
NaOH or 4N H2S04. 

Cells were grown at 28*^C at an automatically oontrolled dissolved oxygen concentration of 25% air saturation. 
Phytase production reached a maximum level of 5-10 U/ml after 10 days of fermentatioa 

75 

Example 2 

Purification and characterization of A. ficuum ohvtase 
20 A. Phvtase adivitv assay 

1 00 of broth filtrate (diluted when necessary) or supernatant or 100 pi of demiwater as reference are added to 

an incubation mixture having the following composition: 

;?5 - 0.25 M sodium acetate buffer pH 5.5. or 

- glycine HCL-buffer pH 2.5 

1 mM phytic acid, sodium salt 

- demiwater up to 900 )il 

zo The resulting mixture is incubated for 30 minutes at 37»C. The reaction is stopped ksy the addition of 1 ml of 10% 
TCA (trichloroacetic add}. After the reaction has temiinated. 2 ml of reagent (3.66 g of FeS04 • 7H2O In 50 ml of ammo- 
nium molybdate solution (2.5 g (NH4)eMo7024 * 4H2O and 8 ml H2SO4P diluted up to 250 ml with demiwater)) Is added. 

The intensity of the blue color is measured spectro-photometrically at 750 nm. The measurements are iridicative of 
the quantity of phosphate released in relation to a calibration curve of phosphate in the range of 0 - 1 mMol/l. 

Phosphatase stain 

Components with phospatase activity were detected by isoelectric focusing using a genera) phosphatase stain. 
The gel was incubated with a solution of a-naphthylphosphate and Fast Garnet GBC salt (Sigma. 0.1 & 0.2% (w/v), 
40 respectively) in 0.6 M sodium acetate buffer pH 5.5. The reaction, which results in the appearance of a black precipitate, 
was either terminated with methanoliaoetic acid (30:1 0 %, vA/), or, should the protein having phytase activity be further 
required, by rinsing with distilled water. 

B. Purifjcation of A. ficuum phytase 

45 

Phytase was purified to homogeneity from the culture broth of A. ficuum NRRL 3135. The broth was first made 
germ-free by filtration. The resulting culture filtrate was subsequently further concentrated in a RItron ultrafiltration unit 
with 30 kO cutoff filters. The pH and ionic strength of the sample were adjusted for the purification procedure by washing 
the sample with 10 mM sodium acetate buffer pH 4.5. The final concentration in this ultrafiltration procedure was 
50 approximately 20 fold. 

The sample was then applied to a cation exchanger (S-Sepharose Fast-Row in a HR 16/10 20 ml column, both 
obtained from Pharmacia) in a Waters Preparative 650 Advanced Protein Purification System. The proteins bound were 
eluted with a sodium chloride gradient from 0-1 M in the sodium acetate buffer. Phytase eluted at approximately 250 
mM NaCI. Phytase activity containing fractions were pooled, concentrated and desalted by ultrafiltration. The resulting 
55 solutionwasappliedtoananionexchanger(C>Sepharo6eFa8t-RowinaHR16/10 20rnlcolumn. Pharmacia), andthe 
proteins were again eluted by a sodium chloride gradient from 0-1 M in the acetate buffer described above. Phytase was 
eluted from this column at approximately 200 mM NaCI. 

The result of these purification steps is a partially purified phytase preparation with a specific activity of approxi- 
matety 40-50 U/mg protein, indicating a 25-ibld purification. 
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Analysis of the purity of the partially purified phytase indicated the presence of a major impurity with a molecular 
weight of approxin^tely 100 kDa (Fig. IB, sequence E). Isoelectric focusing indicated the presence of a nun^er of 
phosphatase activity containing enzymes, including 3-4 phytase subfbrms Osoelectric points varying from 5.0*5.4) (Fig 
1 A, sequences A and B). 

In order to obtain a homogeneous phytase preparation, a further two-fold purif tcation was achieved by a subse- 
quent separation of the components of the partially purified phytase by isoelectric focusing in a LKB Multiphor system 
on Amphollne PAG plates (pH range 4-6.5). The proteins with phosphatase activity (including the phytase) were 
detected by the general phosphatase staining procedure describe above. The bands of interest were subsequently 
excised from the gel and the active protein was eluted by a 16 hr incubation of the gel slices in 10 mM sodium acetate 
buffer 5.5. The protein fractions were analysed in the specific phytase activity as^y. as described in Example 2, thus 
discriminating the phytase fractions from other acid phosphatases. The final purification factor for phytase was approx- 
imately 60 fold (specific activity of final preparation 1 00 U/mg protein). In this final purification step it was also possible 
to isolate different ajbfbrms of phytase (Fig. 1 A, sequences A and B). 

Monoclonal antibodies directed against the A. f icuum phytase were prepared, providing an effective purification 
procedure. The antitxxiy was coupled to cyanogen bromide-activated Sepharose 4B (5 mg/ml gel), and this matrix was 
used in a immunoaffinity column. The matrix was shown to bind approxinrately 1 mg phytase per ml. The phytase could 
be eluted from the affinity column with a pH 2.5 buffer (100 mM glydne-HCI, 500 mM NaCI) without any loss of activity. 
This procedure can be used to isolate homogeneous phytase from a crude culture filtrate in one single step with an 80% 
recovery and a 60-fold purification. 

C. Pe g lycosylation of Phvtase 

A. ficuum phytase (70 ^g protein) was incubated with 2.5 U N-Glycanase (Genzyme) in 0.2 M sodium phosphate 
buffer pH 8.6 and 10 mM 1,10-phenanthroline in a total volume of 30 y}. 

After 16 hrs at 37^0. the extent of deglycosylation was checked by electrophoresis (Phast System, Pharmacia). 
The apparent molecular weight of the phytase was found to decrease from 85 kDa to approximately 56.5 kDa. The peri- 
odic acid Schlff (PAS) sugar staining, which identifies native phytase as a glycoprotein, failed to detect any residual car- 
bohydrates attached to the protein. The complete removal of carbohydrate was further substantiated by the sensitive 
lectin-blotting method. Native and deglycosylated phytase (both 1.5 ^g) were run on a standard SDS-PAGE gel and 
eiectrophoretically transferred to a PVDF membrane (Immobilon, Millipore) in 25 mM TRIS-gtycine buffer pH 8.3. 20% 
(v/v) methanol, for a period of 16 hrs at 30V. 

The membrane was subsequently Incubated with 1% (wA/) bovine serum albumin in pho9)ate buffered saline and 
incubated with concanavalin A-peroxidase (Sigma, 10 Mg/mi in phosphate buffered saline). The peroxidase was then 
stained with 4<hloro-1-naphthol (Sigma). 

This sensitive method also failed to detect any residual carbohydrate attached to the deglycosylated phytase. 

After deglycosylation, phytase has completely lost its activity, possibly due to aggregation of the enzyme. 

Examole 3 

Determination of the amino add sequence of ohvtase and deskin of oligonucleotide probes 

A. Dflternrnnation of the N-terminal amino acM sequence 

Phytase was eiectrophoretically transferred from SDS-PAGE or from lEF-PAQE onto a PVDF blotting membrane 
(Immob'lon, Millipore). Electroblotting was performed in 10 mM CAPS (3-cyclohexylamino-propanesulfonic acid) buffer 
pH 1 1 .0, with 10% (v/v) methanol, for a period of 16 hrs, at 30V and 4*^0. 

The protein was located with Coomassie Brilliant Blue staining. The band of interest was excised, further destained 
in methanol and subjected to gas-phase sequencing. The procedure has been carried out several times, using several 
individial preparations. The results obtained are given in Figure 1 A (sequences A and B). 

The amino acid sequence has also been determined for a 100 kDa protein that was present in crude preparations. 
The data obtained Ibr this protein are given in Figure 10. This sequence shows considerable homok>gy with the acid 
phosphatase that has been isolated from Aspergillus togsi (MacRae fit aL (1988) dene ZL 339-348). 

B. Determination of internal amino acid sequence 
Protein fragmentation by cyanogen bromide 

Phytase, purified to homogeneity, was transfen^ed into 100 mM NaHCOa by ultrafiltration (l^icroconcentrator Cen- 
trioon 30, Amioon). The protein was subsequently lyophilized, dissolved in 70% trifluoroacetic add (vA/), and incut)ated 
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for 6 hr with an approximately 300-fold molar excess of GNBr. The reaction was terminated by dilution of the mixture 
with water. The resulting fragments were again tyophiiized. The sample was then dissolved in SDS-PAGE sample buffer 
containing DTT (dithiothrertol). and the extent of fragmentation was determined by PAGE. Analytical PAGE was per- 
formed on a Phannacla Phast-System unit on 20% SDS-PAGE gels. The gels were prerun to aeate a continuous 
5 buffer system to Improve the separation of the small peptides (according to the manual) . Peptides were detected using 
a silver-staining technique known in the art. since Coomassle Brilliant Blue failed to detect the smallest peptide. The 
result of the procedure was a complete degradation of phytase into peptides with molecular weights of < 2.5 kDa. 36 
kOa. 57 kDa and 80 kDa. 

The prides were isolated for gas-phase sequencing by SDS-Tricine-PAGE as described by Schagger & Jagow 
10 (1 987) AnaL Biochem. J£S. 368-379 followed by electroblotting as described above. 

The N'terminus of the 57 kDa fragment is identical to the N-terminus of phytase as determined by Ullah (1988b, 
supra), with the exception of the first four amino ackis whk:h are absent (Figure 1A. sequence B). The N-terminal 
sequences of the 2.5 kDa and 36 kDa peptkles are shown in Figure 1 B as sequences A and B. 

15 C. Gllaonucleotide probes 

Oligonucleotide probes have been designed, based on the amino acid sequences given in Figure 1 A and 1 B. and 
were prepared using an Applied Biosystems ABl 38QB DMA synthesizer. These oligonucleotkles are given in Figure 2A 
and2B. 

so 

Hyfaridi?atton of genom ic blots and genomic libraries with a first set of oligonucleotide DTObes 

25 Genomic DNA from A. ficuum has been isolated by grinding the mycelium in liquid nitrogen, using standard proce- 
dures (e.g. Yelton gtal{1984) Proc. NaM. Acad. Scl.-U.S.A.. 1470-1474). A genomic library was constructed in the bac- 
teriophage vector lambda EMBL3. using a partial Sau3A digest of A. ficuum NRRL 3135 chromosomal DNA. according 
to standard techniques (e.g. Maniatis fit al. (1 982) Molecular cloning, a laboratory manual. Cold Spring Harbor Labora- 
tay, New York). The thus-obtained genomic library contained 60 to 70 times the A. ficuum genome. The library was 

30 checked for the occurrence of plaques without insert by hytirkiizatfon with the lambda EMBL3 stuffer fragment. Less 
than 1% of the plaques were observed to hybridize to the lambda EMBL3 probe. The insert size was 13 to 1 7 kb. 

To Identify conditfons and probes that were suited for the screening of the genomic library, genomic DNA was 
digested with several restrfotion enzymes, separated on agarose gels and btotted onto Genescreen plus, using the 
manufacturers instructions. The blots were hytxklized with all oligonucleotide probes. Hybrkiization was performed 

35 usings conditfons of varying stringency (6 x SSC. 40 to 60*C for the hybridization; up to 0.2 x SSC. 65'C for the wash- 
ing). Probes 1068 and 1024 (Figure 2A) were selected for the screening of the genomic lft)rary. although no conimon 
DNA fragments could be identified that hybridized specifically with both probes. Actd-phosphatase probe 1025 (Figure 
3) gave a specif and discrete hyt>ridization signal and hence this probe was selected for screening the genomic library 
for the ackJ phosphatase gene. 

40 Using all three probes, hybrkfizing plaques could be identified in the genomic litxary. The hybridizatfon signal cor- 
responding to probe 1025 {add phosphatase) was strong and reproducible. Hybridization signals of variable intensity 
were cbsenred using probes 1024 and 1068 (phytase). No cross hybrkiization txtween the two series was observed. 
AD three series of plaques were rescreened and DNA was Isolated from eight single, positive hybridizing plaques (Mani- 
ats fit al., supra). In each series, clones that contained identical hybrMlzing fragments oouM be identified, indfoating 

4S that the Inserts of saki clones are related and probably overlap the same genomic DNA region. Again, no cross-hybrkl- 
ization couti be demonstrated using the two phytase specific series (probes 1024 and 1068). indicating that, although 
both probes used to isolate the two series of clones were obtained from the N-terminal amino add sequence of the pro* 
tein. different genomic DNA fragments had been identified and cbned. 

All three series of clones were hybridized with Northern blots containing mRNA isolated from induced and non- 

so induced mycelium (Example 6). The add phosphatase-spedfk: ctones, as well as the isolated internal 3.1 M) Sail frag- 
ment from these dones, hybrkllzed exdusively to induced mRNA samples. The mRNA Mentifled by the acid phos- 
phatase-spedf k; probes is about 1800 b in length, which agrees with the known size of the protein (68 kDa. Ullah and 
Cummins (1987) Prep. Biochem 12. 397-422). No hybrkfization of the phytase-spec'rfic dones with specific mRNA*^ 
could be demonstrated. We have thus conduded that the above-described method was unsuccessful in doning the 

55 gene encoding phytase. It may be further conduded that this failure is not due to a failure in the method used, since the 
method has been successfully applied to Identify the gene encoding add phosphatase. The lambda done containing 
the acid phosphatase gene was deposited on April 24, 1 989 at the Centraal Bureau voor Schlmmetoultures. Baarn, The 
Netheriands and has been assigned accession number CBS 214.89. A 10 kb fiamHI fragment has been isolated from 
phage Z1 and subdoned into pUC19. This subclone contains the entire gene encocfing ackl phosphatase. The sub- 
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Clone. pAF 1-1 (Figure 5) was deposited on April 24. 1989 as CBS 213.89. 
Example 5 

5 ifiotation of Ihe aene encodi n g phvtase. using a second set of oliaonudeotide probes 

Probes have been designed using the N-terminal amino add sequence of CNBr-generated fragments (Figure 28. 
probes 1295. 1288 and 1297) and havebeen hybridized wHh genomic DNA as described above. The feasibility of using 
these probes in Ihe isolation of the gene encoding phytase was again studied by Southern hybridization of genomic 

10 blots with the probe& This time, hybridizing fragments of corresponding lengths could be identified, uting all three 
probes, despite the fact that the probes have been derived from non-overlapping regions. No hybridization was found 
between the new set of probes and the diones that have been isolated using the first set of probes (Example 4). There- 
fore, the genomic library was resaeened using all three probes in separate ejqaeriments. A subset of the dones 
(lambda AF201 , 21 9, 241 and 243) Isolate! with each individual probe also hybridize with both other probes, indicating 

IS that in this case, using the three different probes, dones were isolated from a single genomic region. Attennpts were 
made to hybridize the newly isolated dones with probes 1 024 and 1 068. In both cases, no hybridization with the newly 
isolated clones was obsen^ed under conditions in which both probes had successfully hybridized to the clones which 
were isolated using these probes (see Example 4). This demonstrates that the newly isolated dones have no homology 
to the probes derived from the N-terminus of the purified phytase. 

20 A lambda EMBL3-done. which hybridizes to all three probes (1295-1297). was named lantbda AF201 (Figure 4) 
and was d^sited on inarch 9. 1989 as CBS 155.89. 

A 5.1 kb iamHl fragment of lambda AF201 (subdoned in pUC19 and designated pAF 2-3. see Figure 4). hybrid- 
izing to all three oligonudeotide probes, was used to probe a Northem blot. In this case, a discrete mRNA having a size 
of 1800 bases was identified. This mRNA was found only in induced mycelium. Similar results were obtained when the 

2S Oligonucleotides were used as probes. Therefore, using the new set of probes, a common DNA fragment has been 
identified, which hybridizes specifically to an induced mRNA. The length of tWs mRNA (1800 b) is sufficient to encode 
a protein of about 60 kDa, which is about the size of the non-glycosylated pnatein. Clearly, the isolated fragments con- 
tain at least part of the gene encoding phytase. 

30 Example 6 

isQlation of Induced" a nd "non-induced" mRNA 

It Is known from the literature that the ^nthesis of phytase by A. imm is subject to a stringent pho^hate-depend- 
35 ent regulation (Han and Gallagher (1987) J. Indust. Microbiol. 1. 295-301). Therefore, the demonstration that an iso- 
lated gene is subject to a similar regulation can be considered to support the evidence that the gene of interest has 
been cloned. 

In order to isolate mRNA that has been synthesized under both producing and nonixodudng condHione, A,ficuvirp 
NRRL 3135 was grown as follows. Spores were first grown overnight in non-lndudng medium. The next day, the myc- 

40 elium was harvested, washed with sterile water and inoculated into either inducing or non-inducing medium. The 
medium used contains (per liter): 20 g corn starch; 7.5 g glucose; 0.5 g MgS04 • 7 H2O; 0.2 g FeS04 • 7 H2O; and 7.2 
g KNO3. For the induction of phytase, up to 2 g/1 corn ste^ liquor was added to the medium, while non-indudng 
medium contains 2 g/l K2HPO4. The nrycelium was grown for at least a further 100 hours. Samples were taken at 
selected intervals. Phytase production was followed by the phytase assay as desaibed in Example 2A. Denatured 

45 mRNA was separated by electrophoresis and blotted onto Qenescreen plus. The btots were hybrkfized with ^P- 
labelled pAF 2-3 or with the isolated 3.1 kb Sail fragment from pAF 1 -1 (add phosphatase) from Example 4. The resuHs 
are shown in Table 2. 

Positive hybridization of the phytase specific 5. 1 kb BamH I fragment and the add phosphatase specif tc 3. 1 kb Sail 
fragment with isolated mRNA is observed only when cells are grown under conditions which are known to induce the 
so synthesis of phytase and acid phosphatases. From these results it has been conduded that the isolated genes are reg- 
ulated as expected for phytase and add phosphatases. 



55 
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Table 2 



5 Hybridization of Northern blots using the phytase- 

specific 5.1 kb BamH I fragment (A) or the acid phosphatase 
specific 3.1kb Sai l fragment (B) as a probe; a + indicates 
the presence of the 1800 b phytase mRNA or the 1800 b acid 
phosphatase mRNA. The relative phytase activity was 
determined for the 24 hr. samples: induced cultures have 10 
times more phytase activity than non-induced cultures. 

15 

Time after Induced Non- induced 

inoculation 



A 24 hours + 

B 24 hours + 



Examp ie 7 

30 Evidence for the donina of the phvtase aena 

To Obtain definitive proof for the successful isolation of the gene encoding phytase, and to study the feasibility of 
increasing the expression of the cloned gene, the phytase gene was subcloned into a suitable vector and transflbnned 
to A. nigar 402 (ATCC 9092). To this end. the phytase gene was isolated from the lambda done AF201 as a 1 0 M> Noil 

35 fragment and doned into the StuI site of the vector pAN 8-1 (Mattern, I.E. and Punt. P.J. (1988) Fungal Genetics News- 
letter 35. 25) which contains the £^ gene (conferring resistance to phleomycin) as a selection marker. The resulting 
construct was named pAF 28-1 (Figure 4) and was transformed to A. niqer 402 according to the procedure as described 
in Example 9. with the exception that the protoplasts were plated on Aspergillus minimal medium supplemented with 30 
^g phleomycin/ml and sdidifled with 0.75% agar. Single transformanls were purified and isolated and were tested for 

40 production in shake flasks, as described in Examples 1 and 2. As controls, transfonmants possessing only the vector, 
as well as the untransformed host were also tested (Table 3). Only A. niffer 402 containing pAF 28-1 appeared to pro- 
duce a phytase that reacted with a specific monoclonal antixxiy directed against A. f icuum phytase. The phytase react- 
ing with this monodonal antibody could be eluted from an immuno affinity column at pH 2.5 and was shown to be 
identical in molecular weight, degree of glycosylation, isoelectric point and specific activity to the AJiaMD phytase. 

45 This finding provkies clear evklence that A. niper 402 cells transformed with pAF 28-1 express a phytase that is virtoally 
identical to the A. f Icuum phytase. Similar expression was not obsen^ed in either type of control cells. 



Tables 



so 


strain 


Phytase/Activity U/rnl 


% of phytase-activity 
adsorbed onto the immu- 
noaffinity'column 




AjliafiC402 


0.5 


0 


ss 


A. nioer 402 pAF 28-1 


0.7 


10 




Ajmgfit402pAN8-1 


0.5 


0 



Strains were grown under induced conditions (Example 6). Samples were taken after 96 hours of growtii. 
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Exanyie 8 

Characterization of the phvtase oene. 

5 The lambda denes containing the phylase gene have t)een analyzed by digestion with various restriction enzymes. 
A map of the genomic region encompassing the phytase gene is given in Figure 4. Defined restriction fragments have 
been subdoned in the doning vector pUC19. as indicated in Rgure 4. 

It has previously been shown (Example 5) that the 5.1 Bam HI fragment present In pAF 2*3 encompasses at least 
part of the phytase gene. Moreover the oligonucleotide probes 1295 and 1297 (Figure 2B) were shown to hybridize to 

10 the Sail Insert from pAF 2-7 (positions of pAF 2 clones are pr^ented in Figure 4), while prot>e 1 296 probably spans the 
Sai l site between the fragments in pAF 2-6 and pAF 2-7. The results of these experiments indicate that the phytase 
encoding sequence is located in the lefthand part of the BamH I insert of pAF 2-3. 

Subsequently the nucleotide sequences of the inserts of plasmids pAF 2-3, pAF 2-6. and pAF 2-7 have been deter- 
mined completely using the dideoxy chain termination method (Sanger A A (1977) Proc. Natl. Acad. Sci. USA 24 

IS 5463-5467) and shotgun strategies described by Messing M il- (1 981 . Nud. Adcte Res. 9. 309-321 ). In addition specific 
oligonucleotides were synthesized based on nucleotide sequence information obtained during the sequencing proce- 
dure. 

The complete nucleotide sequence of dones pAF 2-3, pAF 2-6, and pAF 2-7 encompassing the chromosomal 
phytase gene locus is compiled in Rgure 6, a graphic representation is given in Figure 7. 

20 Analysis of the protein coding capacity of the complete sequence revealed that the N-terminal amino acid 
sequence of the mature protein was encoded starting from nudeotlde position 381 (the N-terminus disclosed by Ullah 
is located at position 369). Furthermore, the N-terminal amino add sequence of the 36 kDa and 2.5 kDa internal pep- 
tide fragments (see Figure 1 B - sequences B and A) were fbund to be encoded at nudeotide positions 1101 and 1 548, 
respectively. The open reading frame stops at nudeotide position 1713. 

25 These findings clearly prove the identity of the characterized chromosomal locus as containing ptiytase encoding 
DNA sequence. 

Directly upstream of the chromosomal sequence encoding the mature phytase protein, no ATG start codon can be 
fbund within the reading frame contiguous with the mature protein open reading frame; however, using intron-exon 
boundary characteristics, an intron can be postulated between nucleotide positions 254 and 355, bringing the ATG 
30 codon at nucleotide position 210 in frame with the mature phytase encoding open reading frame. The derived amino 
add sequence of this N-termlnal extension doseiy fits the rules for a secretion signal sequence as put)lished by von 
Heyne (1983, Eur. J. Biochem. ISS, 17-21). 

To oonf inn these hypotiieses the phytase cDNA was isolated by PCR^amplification with specific phytase primers 
and a total mRNA/cDNA population as template according to the procedures deeaibed below. 

35 

Isolation of poly fi^ RNA from Aspergillus ficuum. 

Total RNA was isolated from A. ficuum NRRL 3135 grown under induced conditions as mentioned in Example 6. 
Dry mycelium was frozen with liquid nitrogen and ground. Subsequently, the powder was homogenized In an Ultra-Tur- 

40 rax (full speed during 1 minute) in 3M UCl, 6M urea at O'^C and maintained ovemight at 4''C as described by Auffrey & 
Rougeon (EurJ.Biochem., 107. 303-314.1980). Total cellular RNA was obtained after centrifugation at at 16,000 g for 
30 minutes and two successive extractions with phenol: chlorolbrm: isoaniylaloohol (50:48:2). The RNA was precipi- 
tated with ethanol and dissolved in 1 mil 0 mM Tris-HCI (pH 7.4). 0.5% SDS. For poly A^ selection the total RNA sample 
was heated for 5 minutes at 60 ""C. adjusted to 0.5 M NaCI and subsequentiy applied to an oligo(dT)-ce)lubse column. 

46 After several washes with a sdution containing 10 mM Tris-HCI pH 7.4. 0.5% SDS and 0.1 M NaCl. ttie poly RNA 
was collected by elution with 10 mM Tris-HCI pH 7.4 and 0.5% SDS. 

Preparation of the mRNA/cDNA compleg 

50 For the synthesis of the first cDNA strand 5 ^g of poly A"^ RNA was dissolved in 16.5 ^1 H2O and the fdlo^ng com- 
ponents were edded: 2.5 iil RNadn (30 U/»il); 10 |il of a buffer containing 50 mM Tris-HCI pH 7.6, 6 mM MgClg and 40 
mM KG; 2 III 1 M KQ; 5 ^1 0.1 M DTT; 0.5 pi oligo (dT)i2.i8 (2.5 mg/mO; 5 mI 8 mlbS dNTP*ntix: 5 »il BSA (1 nn^ml) and 
2.5 ^l Moloney MLV reverse transcriptase (200 U/hil). The mixture was incubated for 30 minutes at 37 ^'C and the reac- 
tion was stopped by addition of 1 0 mI 0.2 M EDTA and 50 p\ H2O. An extraction was performed witii chlorofbrnm and after 

55 centrifugation 1 10 m1 5 M NH4AC and 440 ^1 ethanol were successively added to tiie supernatant. Precipitartion of the 
mRNA/cDNA complex was performed in a dry ice/ethanol solution for 30 minutes. The mRNA/cDNA was collected by 
centrifugation. subsequentiy washed with 70% ice-cold ethanol and dissolved In 20 ^1 H2O. 
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Cloning of ohvtasfl cDNA fragments 

Isolation of the cDN A-encoding phytase sequences were performed by the polymerase chain reaction (PGR) i n two 
fragments. Four synthetic oligonucleotide primers were designed based on the genonnic phytase sequence as pre- 
5 sented in Figure 6. 

Ollgo 1 : 5'-GGG.TAG. AATTCA. AAA. ATQ.QQC.QTC.TCT.QCT.QTT.CTA-3' 

Ollgo 2: 5'-AQTQAC.QAA.TTC.GTG.CTG.GTG.GAQ.ATG.QTQ.TCQ-3' 

Olrgo 3: 5'-GAG.CAC.CAA.GCT.GAA.GGA.TCC-3' 

10 Oligo 4: 5*-AAA.CTaCAaQ0Q.7TG. AQT.GTQ.ATT.QTT.TAA.AQQ.Q-3' 

Oligo 1 contains the nucleotide sequence downstream of the phytase ATGstartcodon (position 210 to 231) f^^ 
at the 5* border by an EcoRI-site: digo 2 contains the nucleotide sequence immediately upstream of the Sall-eite (posi- 
tion 11 29 to 11 09) also flanked by an additional EcoRI-site: digo 3 contains the nucleotide sequence around the JSaCQHI 
IS -site (position 845 to 865) and olrgo 4 contains a nucleotide sequence positioned downstream of the phytase stopcodon 
(position 1890 to 1867) flanked by an additional Estl-site. 

The polymerase chain reactions were performed according to the supplier of Taq-polymerase (Cetus). As template 
the solutton (1.5 ^l) containing the mRNA/cDNA hybrids (described above) was used and as primers 0.3 ^g of each of 
the oligos 1 and 2 in the reaction to amplify the N-terminal phytase cDNA part and oligos 3 and 4 in the reaction to 
20 amplify the C-terminal phytase cDNA part (see Rgure 8). After denatureition (7 minutes at lOO^'C) and addition of 2 U 
Taq-polymerase the reactron mixtures were subjected to 25 amplification cycles (each: 2' at 55*^0. 3* at 72*C, 1 * at 94''C) 
in a DNA-amplrfier of Perkin-Elmer/Cetus. In the last cyde the denaturatton step was omitted. After digestion (Eos^RI fbr 
the N-terminal cDNA part and BamHI and Efill for the C-terminal cDNA part), both cDNA fragments were cloned into 
the appropiate sites of pTZ18R (Promega). 
25 The nucleotide sequence of both obtained PGR fragments was determined using the dideoxy chain ternrti nation 
technique (Sanger, supra) using synthetic oligonudeotides designed after the chromosomal phytase gene sequence, 
as primers and total amplified DNA as well as cloned cDNA fragments as template. The sequence of the cDNA region 
encoding the phytase protein and the derived amino acid sequence of the phytase protein are depicted in Rgure 8. 

The cONA sequence confimied the location of the intron postulated above, and indicated that no other introns were 
30 present within the chromosomal gene sequence. 

The phytase gene encodes a primary translation product of 467 amino adds (MW 51091); processing of the pri- 
mary translation product by deaving off the signal peptide results in a mature phytase protein of 444 (MW 48851) or 
448 (containing the first four N-terminal amino ackis as published tsy Ullah. MW 49232) amino ackte. 

35 Example 9 

Qvarftmresslon of Dhv tase In Asoerqilli by introduction of additional ohvtase genomic DNA coDies 
Construction expression vector pAF 2-2S 

40 

All constructs were made using standard molecular biological procedures, as described by Maniatis fit flL-. (1 982) 
Molecular doning. A laboratory Manual. Cold Spring Harbor Ijaboratory. N.Y.. 

An expression vector pAF 2-2S was made by subcloning the 6 kb Pvyll DNA fragment of the phytase genomic 
clone lambda AF201. into the Sma l-site of pUC19. The derived olasmid was designated pAF 2-2 (Rgure 4). As selec- 
46 tion marker for the transformation to Aspergillus, the EcoRI /Kpn l DNA fragment of plasmid pGW325 (Wernars K. 
(1986). Thesis, Agriculture University, Wageningen. The Netherlands) containing the homologous AspBrgillus nidulans 
amdS gene, was inserted into the EcoRI /Kpn l sites of pAF 2-2. The resulting expression vector was designated pAF 2- 
2S and is shown in Figure 9. 

so A. Overexpres sion of phvtase In A. ficuum NRRL 3135. 

The plasmid pAF 2-25 was introduced in A. ficuum NRRL 3135 using transfonfnaftion procedures as described by 
Tllburn, J. et.al.(1983) Gene 26. 205-221 and Kelly, J. & Hynes, M. (1 965) EMBO J.. 4 475-479 with the following mod- 
ifications: 



55 



mycelium was grown on Aspergillus minimal medium (Cove. D. (1966) Biochem. Biophys. Acta, Hi 51-56) sup- 
plemented with 10 mM arginine and 10 mM proline for 16 hours at 30 In a rotary shaker at 300 rpm; 
only Novozym 234 (NOVO Industri), and no helicase. was used for Ibmnation of protoplasts; 
after 90 minutes of protoplast formation, 1 volume of STC buffer (1.2 M sorbitol, 10 mM Tris-HCI pH 7.5, SO mM 
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CaCl2) was added to the protoplast suspension and centrifuged at 2500 g at A^'Clbr 10 minutes in a swinging- 
bucket rotor. The protoplasts were washed and resuspended in STC4Mjffer at a concentration of 10® cells/hit 
- plasmid ON A was added in a volume of 10 ^1 in IE buffer (10 mM Tris-HCI pH 7.5, 0.1 mM EOTA) to 100 |J of the 
protoplast suspension; 

5 - after incubation of the DNA-protoplast suspension at 0*^0 for 25 minutes. 200 ^1 of PEG solution was added drop- 
wise (25% PEG 4000 (Merck). 10 mM Tris-HCI pH 7.5, 50 mM CaCla). Subsequently. 1 ml of PEG solution ( 60% 
PEG 4000 in 10 mM Tris-HCI pH 7.5, 50 mM CaCy was added slowly, with repeated mixing of the tubes. After 
incubation at room temperature, the suspensions were diluted with STC-buffer. mixed by inversion and centrifuged 
at 2000 g at 4*^0 for 10 minutes. The protoplasts were resuspended gently in 200 fil STC-buffer and plated on 

10 Aspergillus minimal medium with 10 mM acetamide as the sole nitrogen source. 15 mM CsCI, 1 M sucrose, solid- 
ified with 0.75% bacteriological agar #1 (Oxoid). Growth was performed at 33^*0 for 6-10 days. 

Single translbrmants designated SP4, SP7 and SP8 were isolated, purified and tested for phytase production in 
shake flasks, using the process as described in Examples 1 and 2. As a control, transformants possessing only the vee- 
rs tor (amdS gene in pUCI 9), as well as the untranslbrmed host were tested. 

Strains were grown under induced conditions (see Example 6) and samples were taken after 96 hours of growth. 
Analyses were performed by measuring the phytase activity (Table 4) and by isoelectric focusing polyacrylamide gele- 
lectrophoresis (lEF-PAGE). 

Samples of equal volume were taken from fermentations of A. ficuum and A. ficuum pAF 2-2S SP7. grown under 
20 identical conditions, and were applied onto an lEF-PAGE get (pH-range 4.5-6, Phast-System, Pharmacia). The electro- 
phoresis was performed according to the instructions of the manufacturer. Subsequently, the gels were either stained 
with the general protein stain Coomassie Briliant Blue (Figure 108). or with the general phosphatase activity staining 
desaibed in Example 2 (Figure 10A). 

A sample of A. ficuum phytase. purified to homogeneity (via immunoaff inity chromatography as described in Exam- 
25 pie 7), was also applied either alone, or mixed with a culture supematant. 

Phytase is present in the various sanrples in a number of isotorms (indicated with an asterislO. as has been men- 
tioned in this invention. The two major isoenzymes are clearly visible in the purified phytase in lanes 3 and 4 with both 
staining procedures (A and B). The phytase bands are barely visible in the parent A. ficuum strain, and significantly 
increased in the pAF 2-2S SP7 transformant strain. 

30 



Table 4 



Increase of phytase production by transformation of ^ 

ficuum NRRL 8135. 


Strain 


Phytase activity (U/ml) 


A. ficuum 


0.6 


A. ficuum + control olasmld 


0.6 


A. ficuum oAF 2-2S SP8 


7.6 


A. ficuum pAF 2-2S SP7 


6.7 


AJiCUimipAF2-2SSP4 


4.3 



46 



B. Qveremression of ohvtase in A.n iqer CBS 513.88. 

50 The expression vector pAF 2-2S was also introduced in A. niqer CBS 513.88 by transformation procedures as 
described for A. ficuum . Single transformants were isolated, purified and tested for phytase production in shake flasks 
under induced growth conditions as described in Example 6. 

Phytase expression levels of some transformants (designated as A. nioer pAF 2-25 # 8. # 20 and # 33) and control 
strains were performed as described in Example 9A and aro shown in Table 5. 

55 A. nioer transfonnants have phytase expression levels oomparable with A. ficuum transformants. In addition this 
result indicates that the A. f teuum phytase promoter is active in A. niqer. 

Further analysis was performed on culture medium of transformant pAF 2-25 #8 by electrophoresis on an lEF- 
PAGE gel in the pH range of 4.5-6 on a Phast-System (Pharmacia) as described above. Equal volumes of the culture 
supernatants of the A. niq er parent strain and of the transformant pAF 2-25 #8. grown under identical conditions, were 
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applied onto the gel. TTie gels were run and subsequently stained as above. 

The parent A. niaer produces a very low amount of phytase, which could not be detected by gei electrophoresis. 
The strain p AF 2-25 #8 produces approx. 90 times more phytase. and this difference is clearly visit>le in Rgure 1 1 . 

Several isofbrms of the phytase enzyme are detected (indicated by asterisl^. The general protein stain indicates 
5 that the intensity of the phytase protein bands is dramatically increased, while no other major protein bands appear. 



Tables 



Phytase production by transformation of A. niqer CBS 
513.88 with pAF2-2S. 


Strain 


Phytase activity (U/ml) 


A. niqer 


0.2 


A. nicer control olasmid 


0.2 


AjniggrpAF2-2S#8 


14 


AniQerDAF2-2S#33 


5 


A.niger pAF2-2S#20 


4 



20 



25 



30 



Example 10 

Phvtase expression in A. niaer transformed with expression vectors containing the A. f icuum ohvtase aene fused to the 
promoter and/ or signal sequences of the A. nioer amvloalucosldase (AG) gene. 

Constmctions of the expression vectors. 



To obtain overexpression of phytase In A. niqer. additional expression cassettes are derived in which the A. ficuum 
phytase gene is under control of the A. niqer amylogiucosidase (AG) promoter in combination with different signal 
sequences. In pi 8FYT3 and p24FYT3 the respective 1 8 and 24 amino acid (aa) leader sequences of the AG gene from 
A. niqer are fused to the phytase gene fragment encoding the mature protein. In the expressicn cassette pFYT3 the AG 
35 promoter sequence is fused to the phytase encoding sequence including the phytase leader sequence. 



Construction of Pl8 



ariK 



Fusion of the AG-promoter and the 18 aa AG-leader sequence to the phytase sequence encoding the mature pro- 
40 tein were performed by the Polymerase Chain Reaction method. In the PGR reactions two different templates were 
used: pAF 2-25 containing the entire phytase gene as descrbed above and pAB6-1. a plasmid which contains the 
entire AG-locus from A. niqer. which was isolated from a Aj[ijgfit plasmid library, containing 13-15 kb jHiodlll fragments 
in pUC19. For the Isolation, AG-specific oligos were used: 

45 AG-1 : 5'-GACAATGGCmCACCAQCACCQCAACGGACATTGTTTGGCCC-3* 
AG-2: 5-AAGCAGCCATrGCCCGAAQCCGAT-3' 

both based on the nucleotide sequence published for ^;Ulig3L(Boelgl£d- (1984). EMBOJ.^ 1097-1102; BoelfitaL. 
(1984), Mol. and Cell. Biol 4, 2306-2315). The oligonucleotide probes were derived from the sequence surrounding 
so intron 2: oi^o AG-1 is located 3' of the intron and has a polarity identical to the AG mRNA and oligo AG-2 Is found 
upstream of intron 2 and is chosen antiparallel to the AG mRNA. Plasmid pAB6-1 contains the AG gene on a 14.5 kb 
Hindill fragment (see Rgure 12). 

As primers for the PCR-amplifications four ^nthetic oligonucleotides were designed with the following sequence: 

55 Oligo 1 : 5'-CTCTGCA QQAATTCA AGCTAG-3' (an AQ-spectfic sequence around the EsofW site approx. 250 bp 

upstream the ATG Initiation codon). 
Oligo 1 8-2: 5'-CGAGGCGGGGACTGCCAGTGCCAACCCTGTGC AGAG-3* mature phytase <-±- ) 1 8 AA AG-leader 
Oligo 1 8-3: y-GTCTGCACAGGGTTGGCACTGGC AGTCCCCGCCTCG^' 1 8 aa AG-leader <-l- ) mature phytase 
Oligo 4: 5'-GGCACG AGQATCCT rCAGCTT3' (a phytase specific sequence located at the BamHI site on posi- 
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tion 861) 

The PCR was perlbrmecl as described by Saiki £t fil- (1988). Science ^S. 487-491 . with minor modifications (see 
Example 8). 

To fuse the AG sequences to the phytase coding sequences two separate PCR's were canied out: the first reaction 
with pAB6-1 as template and oligos 1 and 18-2 as primers to amplify a 300 bp DNA fragment containing ttie 3'-part of 
the AG promoter and the 18 aa AG-leader sequence flanked at the 3'-t)order by the nucleotides of the phytase gene, 
and the second reaction with pAF 2-2S as template and oligos 1 8-3 and 4 as primers to amplify a 600 bp DNA fragment 
containing the 5' part of the phytase gene flanked at the S'-border by 18 nucleotides of the AG signal peptide. A sche- 
matic view of these amplifications is presented in Rgure 13. 

The two DNA fragments generated were purified by gelelectrophoresis and ethanol precipitation and used as tem- 
plates in the third PCR with oligos 1 and 4 as primers to generate the AG-phytase fusion. The obtained DNA fragment 
was digested with EfigRI and Bam HI and subdoned into pTZ18R. The resulted fusion was sequenced and designated 
P18FYT1. 

The remaining (3.5 Kb) upstream region of the AG-promoter was otrtained by digestion of pAB6-1 wrth Kbn l and 
partially with EsaRI and ligated to the 1.1 Kb Efi^Rl^yuDHI fragment of p18FYT1 and subsequently doned into the 
KpnI /Bam HI sites of pTZISR. PlasmkI p18FYT2 thus obtained is shown in Figure 15. 

An additional Hindlll restriction site was introduced by insertion of the synthetic fragment: 

5' AATTCAAGCTTG 3' 
3' GTTCGAACTTAA 5' 



into the EcoRI-site (flanking the gmdS-gene) of pAF 2-2S. The obtained plasmid was designated pAF 2-2SH (Rgure 

14) and is used as starting plasmid to exchange the phytase promoter sequences by the PCR AG-phytase fusion DNA 
fragments. 

Fbr the final oonstructton. pi 8FYT2 and pAF 2-2SH were digested with Kpnl and partially with Bam HI. The 4.6 ld> 
DNA fragment of p18FYT2 and the 1 1 kb DNA fragment of pAF 2-2SH were isdated and purified by gel electrophore- 
sis, subsequently ligated and transfenred to E. coli. The derived expression cassette was designated p18FYT3 (Figure 

15) . 

Construction of p24FYT3 

Fusion of the AG-promoter and the 24 aa AG leader sequence to the mature phytase encoding sequence was per- 
formed fcyy PCR-amptification as described above for the construction fbr p18FYT3 with the exception of the primers 
used. Two new primers were synthesized with the tbilowing sequence: 

Oligo 24-2: 5'-CQAGCCGGGQAGTGCCAGQCGCTTQQAAATCACATT-3' mature phytase <-X- > 24 AA AG-leader 
Oligo 24-3: 5'-AATGTlGATTTCCAAGCGGCTGGCAGTCCCCGCCTCG^* 24 aa AG-leader <-X- > mature phytase 

Two separate PCR's were carried out: the first reaction with pAB 6-1 as template and oligos 1 and 24-2 as primers to 
amplify a 318 bp DNA fragment containing the 3'-part of the AG promoter and the 24 aa AG leader sequence flanked 
at the 3*4x>rder by 18 nucleotides of the phytase gene and the second reaction with pAF 2-2S as template and oligos 
24-3 and 4 as primers to amplify a DNA fragment containing the 5 -part of the phytase gene flanked at the 5'-border k>y 
18 nudeotides of the 24 aa AG leader. A schematic view of these amplifications is presented in Rgure 13. 

Fbr the construction of the final expression cassette p24FYT3 via the intermediate plasmids p24FYT1 and 
p24FYT2, the same cloning pathway4>rocedure was used as described fbr p18FYT1 and p18FYT2 to derive the 
expression cassette p18FYT3 (Figure 15). 

Construction of pFYTB 

Fusion of the AO-promoter to the phytase gene (induding the phytase leader) sequence was also performed by 
PCR-amplification as desaibed above for the construction of p18FYT3 with the exception of the primers used. Two 
additional primers were generated with the following sequence: 

Oligo fyt-2: 5'-AAGAGCAGAQACGCCCATTGGTQA3QTQTAATGATQ-3' phytase leader <-J.- ) AG-promoter 
Oligo fyt-3: 5'-GATCATTACACCTCAGCAATGGGCGTGTCTQCTGlT3. AG-promoter ) phytase leader 

Two separate PCR's were carried out: the first reaction with pAB 6-1 as template and oligos 1 and fyt-2 as primers 
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to amplify a 282 bp DNA fragment containing the 3'-part of the AG prowoier flanked at the 3*-border by 18 nucleotides 
of the phytase leader and the second reaction with pAF 2-2S as template and oligos fyt-3 and 4 as primers to amplify 
a DNA-fragment containing the 5'-part of the phytase gene (including the phytase leader) and flanked at the 5*-border 
by 18 nucleotides of the AG-promoter. A schematic view of these amplifications is presented in Figure 13. 

For the construction of the final e)qpression cassette pFYT3 along the intermediate plasmids pFYTI and pFYT2. 
the same cloning pathway/k)rocedure was used as described for p18FYT1 and p18FYT2 to derive the escpression cas- 
sette P18FYT3 (Figure 15). 

Expression of the phvtase oene under the control of the AG promoter in A. nioer 

E. ooli sequences were removed from the phytase expression cassettes described above by tliadlil digestion. 
Afterwards, the A. nig er strain CBS 513.88 (deposited October 10. 1988) was transformed with 10 ^g DNA fragment by 
procedures as described in Example 9. Single A. nioer transformants from each expression cassette were isolated, and 
spores were streaked on selective acetamlde^gar plates. Spores of each transfbmiant were collected from cells grown 
for 3 days at 37 ''C on 0.4% potato-dextrose (Qxoid, England) agar plates. Phytase pioductk>n was tested In shake 
flasks under the following growth conditions: 

Approximately 1x10^ spores were inoculated in 100 ml pre-cuKure medium containing (per liter): 1 g KH2PO4; 30 
g maltose: 5 g yeast-extract; 10 g casein-hydrolysate; 0.5 g MgS04 * 7H2O and 3 g Tween 80. The pH was adjusted to 
5.5. 

After growing overnight at 34 '^C in a rotary shaker, 1 ml of the growing culture was inoculated in a 100 ml main* 
culture containing (per liter): 2 g KH2PO4; 70 g maltoKllextrin (Maldex MDO3. Amylum): 12.5 g yeast-extract; 25 g 
casein-hydrolysate; 2 g K2SO4; 0.5 g MgSG4 • 7H2O; 0.03 g ZhCl2; 0.02 g CaCl2; 0.05 g MnS04 • 4 H2O and FeS04. 
The pH was adjusted to 5.6. 

The mycelium was grown for at least 1 40 hours. Phytase production was measured as described in Example 2. The 
production results of several, random transformants obtained from each expression cassette are shown in Table 6. 
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Table 6 



Phytase production of several A. nioer CBS 51 3.88 strains transformed with plasmids containing ttie 
A. licuum phytase gene under control of the A. niq er AG-promoter in combination with different 

leader sequences. 





Tranfiformarrt # 


Phvtasfi activitv iVMtViW 


piorT 1 O (nU^XQiTiilia/lD oB MUlHeaOer/ 


piOrT 10 fr c*HI 


Oic 




piOrT lO 


OA 




plorY lo If c4o 


CO 




pi or T 1 0 # d.H'r 


40 






on 

CX/ 




P 1 Or T 1 0 IP e^KI 


ft9 




P lOrT 10 #4COU 




\jc,*¥\ T 1 0 ^nO'^rOITiUI 61/^4 aa MU'leoUBiy 


n9 AFYT^ it 

plb*fr 1 1 0 tr £wO 


Q 

0 






on 






i 0 
10 




pZ4rYi3 # Z59 


33 




p24FYT3 # 260 


17 




p24FYT3#261 


28 




p24FYT3#262 


18 




p24FY73#265 


12 


pr T 1 0 (nurproiiiwier/priyiase leaoeri 


pr T 1 0 TP 






pFYT3#282 


280 




pFYT3#299 


96 




pFYT3#302 


220 




pFYTB#303 


175 




pFYT3#304 


150 




pFYT3#305 


150 




pFYT3#312 


140 



The data dearly show high phytase e3q>re66ion levels in A. niq er transfbrmants containing the phytase gene under 
the control of the A. niger AQ promoter. The data also show that ttie highest phytase production is obtained with the 
pFYT3 expression vector, which contains the phytase leader sequence. Similar expression vectors containing an intron- 
less phytase gene after transformation to A. nioer. resulted in phytase expression levels comparable to pFVT3 trans- 
formants of A. niger. 

In addition, electrophoresis on an lEF-PAGE gel in the pH-range of 4.5-6 was performed on culture supernatants 
of transfomnants pFYT3 #205 and #282. Equal volumes of the culture supernatants of the A. nicer parent strain and of 
both transfbrmants. grown under identical oonditionSk were applied onto the gel, run and subsequently stained as 
described in Example 9. The parent ^jiigac produces a very low amount of phytase. which is not detected in this exper- 
iment The strains pFYT3 #205 and #282 produce approx. 250 and 1400 times more phytase (oonrpare phytase levels 
in Tables 4 and 5). and this difference is clearly visible in Rgure 11. Several isofdrms of the phytase enzyme are 
detected Ondicated by an asterisl^. The general protein stain indicates that the intensity of the phytase protein t>ands 
Is dramatically increased, while no other major protein bands appear. 



21 



Example 11 



EP0779037A1 



Overaxpresstpn of phvtase in A. f iojum and A. nigef yrowm on an industrial scale 
A. A. f icuum 

Strain A. ficuum pAF 2-2S #4 and A. ficuum NRRL 3 1 35 were grown as described In Example 1 . The transfbrmant 
produced approximately 50 times more phytase as conpared to the wild-type strain 

Table 7 

Overexpression of phytase by a transfortnant of 
A. ficuum containing multiple phytase genes. Cells were 
grown as described in Example 1. 

Hours after Phytase activity (U/ml Fermentation broth) 
inoculation A. ficuum NRRL 3135 A> ficuum pAF 

2-2S #4 



0 0 0 

24 0 0 

92 2 142 

141 5 270 



B. A niqer 

Strain A. niger pAF 2-28 #8. a transformant of A. niger strain CBS 513.88 and the parent A. niq er strain itself were 
grown as described in Example 1 . The transformant produced approxiniately 1 000 times more phytase as oompared to 
the original A. nioer parent strain (Table 8). 

Table 8 

Overexpression of phytase by a transformant of A. nicrer 
{C?BS 513.88) containing multiple phytase genes. Cells were 
grown as described in Example 1« 

Hours after Phytase activity (U/ml fermentation broth) 
inoculation A. niaer CBS 513.88 A. niaer pAF 2.2 #8 



0 0 ' 0 

24 0 5 

92 0.1 65 

141 0.1 95 
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To contruct the vector pREPFYTS, with which simultaneously phytase expression and AO gene replacement is 
achieved. pFYTB is digested with iioal- VVith the obtained linear Kpn l DNA fragment, two separate ligations are per- 
5 formed. 

Ligation 1 with the Kionl -Hindjll adaptor: 



5'- CGGGGA -3' 
3 ' - CATQG CCC CTTCGA - 5 ' 
Kpn l Hindi I I 



IS Ligation 2 with the KDnl-Hindlll* adaptor, in which the UiOdm restriction site will not restore after ligation: 



5'- CGGGGG -3' 
3 ' - CTAGGC CC CCTCGA - 5 ' 
ISESI Hindlll* 



Subsequently, ligation 1 is partially digested with Hindlll. After removal of the anKiS containing fragment by gel 
electrophoresis, the remaining DNA fragment is recircularized by ligation and transferred to E. coll . The obtained plas- 
ms mid is denoted pFYT3 amdS (see Figure 16). 

Ligation 2 is also digested with tJiodHI and the 4 kb DNA MfKllll/HlQcllll* fragment, containing the amdS gene, is 
isolated by gel electrophoresis, subsequently ligated to a partially Hindlll digest of pFVT3 amdS and transferred to 
E.ooli . The plasmid containing the amdS gene at the 3'end of the phytase gene is denoted pFYT3lfMT (see Rgure 17). 
To introduce the approx. 6 Kb Sail/Hindi II DNA fragment of pAB6-1. containing the 3 -flanking AG sequence. 
30 pF/TSINT is partially digested with Hindlll. ligated first to the adaptor: 

5 ' - AGCTAGGGGG -3' 

3 ' - TCCC CCAGCT - 5 ' 

Hindlll* Sai l 

35 

(in which the tiiodlir restriction site will not restore after ligation) and subsequently with the Sall/Hindlll fmgment of 
pAB6-1. After transformation to E. coli. the desired plasmid pREPFYTS, containing the 3* AG flanking sequence at the 
correct position, is obtained (Figure 18). 

40 

Expression of ohvtase in A. niger by AG gene replacement . 

Before transformation of A. niger with pREPFYTB, the E. coli sequences in the plasmid are removed by Hind lll 
digestion and gelelectrophoresis. The Ajligfit strain CBS 513.88 is transformed wHh 10 ^g DNA fragment by proce* 
46 dures as described in Example 9. Selection and growth of transfbrmants is performed as described in Exanple 9. only 
a minority of the selected transfbrmants lose AG activity (approx. 20%). Southern analysis of chromosal DNA is per- 
formed on AG negative and phytase positive translbrmants to verify that the AG gene is indeed replaced by the phytase 
gene. 

so Example 13 

Conservation of the phytase gene in different spacias. 

To determine whether the phytase gene is highly conserved within miaobial species, Southern analyses of chro- 
ss mosomal DNA from ten different species were performed with the A. f icuum phytase cDNA as probe. 

These chromosomal DNA analyses were performed on species from filamentous fungi, yeasts and bacteria. As an 
example, only a limited number from each group were chosen: for filamentous fungi. Penicillium chrysoqenum and 
AsDeraillus nioer : for yeast. Saccharomvces cerevisiae and Kluweromvces lafitis: and for the procaryotic organisms the 
Gram-positive species. fiacUlyS syl2iili& Clostridum thermocellum. and Streptomyces liiodaoa and as an example for a 
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gram-negative bacterium Pseudomonas aeruginosa. 

High molecular weight chromosomal DNA from these epeciee was digested with Eyull and BamHi separately and 
sut)sequently electrophorized on a 0.7% agarose gel. 

After transfer to nitrocellulose filters, the hykyldization was performed overnight at low stringency (6 x SSC: 50^C) 
5 with a 32p.|abeled 5'-phytase cDNA fragment (desaibed in Example 8). Blots were washed in 6 x SSC at room temper- 
ature and exposed to X-ray for 18 hours. 

As shown In Rgures 19 a and b. descrete bands are observed in almost every lane, predicting a high degree of 

homology of the phytase gene between microbial species. 
10 Clainns 

1 . A composition comprising a fungal phytase which catalyses the liberation of at least one Inorganic phosphate from 
a myoinositol phosphate, and wherein the phytase is encoded by a DNA sequence that hybridizes under conditions 
of low stringency (6 x SSC; SCC overnight) with a probe comprising nucleotide positions 1 - 818 of Figure 8. and 

IS characterized in that the composition is substantially free of an Aspergillus add phosphatase with an apparent 
molecular weight on SDS-PAGE of 100 kOa and with at its N-terminus the amino acid sequence; Val Val Asp Gu 
Arg Phe Pro Tyr Thr Qly 

2. A composition according to daim 1. further characterized in that the phytase has a pH optimum at pH 5.5. 

20 

3. A composition according to claims 1 or 2, further characterized In that the phytase has a second pH optimum at pH 
2.5. 

4. A composition according to any one of claims 1 - 3, further characterized in that the phytase has a specific activity 
2S of about 100 U/mg. 

5. A composition according to any one of claims 1 - 4, characterized in that the phytase is encoded by an A^erqillys 
QigSt or Asperoillusficuum gena 

30 6. A composition according to any one of claims 1 - 5, characterized in that the composition has a specific activity of 
100 U/mg. 

7. A process for the preparation of a feed for animals characterized in that a composition as defined in any one of 
claims 1 - 6 is used. 

3S 

8. Use of the composition according to any one of claims 1 - 6 for the liberation of a least one inorganic phosphate 
from a myoinositol phosphate. 

9. A process for promoting the growth of animals characterized in that an animal is fed a diet which conrprises a oom- 
40 position according to any one of claims 1-6. 

1 0. A process for the reduction of levels of phytate In animal manure characterized in tiiat an animal is fed a diet which 
comprises a composition according to any one of claims 1 - 6, wherein the phytase is present in an amount effective 
in liberating inorganic phosphate from phytate contained in the feedstuff. 

46 



so 



65 
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N-TERMINAL AMINOACID SEQUENCES 



Position 




B 




A 


c 


01 






LEU 


02 






ALA 


03 






VAL 


04 






PRO 


05 




ALA 


ALA 


06 




SER 


SER 


07 




— 1 . 


ARG 


08 





— - 


ASN 


09 


QLN 


GLN 


GLN 


10 


SER 


SER 


SER 
SER 


11 


SER 


SER 


12 


— 




GLY 


13 


ASP 


ASP 


ASP 


14 


THR 


THR 


THR 


15 


VAL 


VAL 


VAL 


16 


ASP 


ASP 


ASP 


17 


GLN 


GLN 




18 




GLY 




19 




TYR 




20 




GLN 




21 




ARG 




22 




PHE 




23 




SER 




24 




QLU 




25 




THR 




26 




SER 




27 




HIS 




28 




LEU 




29 




ARG 




30 




(GLY)* 




31 




GLN 




32 




TYR 




33 




ALA 




34 




PRO 




35 




PHE 




36 




PHE 




37 




(ASP) 




38 




LEU 




39 




ALA 





Figure la 
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PEPTIDE AMINOACID SEQUENCES 





A 


B 




U 


t 


Position 












01 


GLN 


(TRP)* 


MET 


ALA 


VAL 


02 




SER 


MET 


SER 


VAL 


03 


GLN 


PHE 


GLN 


SER 


ASP 


04 


ALA 


ASP 


CYS 


ALA 




05 


GLU 


THR 


GLN 


GLU 


ARG 


06 


GLN 


ILE 


ALA 


LYS 


PHE 


07 


GLU 


SER 


GLU 


GLY 


PRO 


08 


PRO 


THR 


GLN 


TYR 


TYR 


09 


LEU 


SER 


GLU 


ASP 


THR 


10 


VAL 


THR 


PRO 


LEU 


GLY 


11 


(ARG) 


VAL 


LEU 


VAL 




12 


VAL 


ASP 


VAL 


VAL 


ALA 


13 


LEU 


THR 


ARG 






14 


VAL 


LYS 


VAL 






15 


ASN 


LEU 


LEU 






16 


(ASP) 


SER 


VAL 






17 


(ARG) 


PRO 


ASN 






18 


(VAU 


PHE 


ASP 






19 


VAL 


(CYS) 


ARG 






20 


PRO 


(ASP) 








21 




LEU 








22 




PHE 








23 




THR 









Figure lb 
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N-TERMINUS 1 0OKD PROTEIN 

Position 

01 VAL 

02 VAL 

03 ASP 

04 GLU 

05 ARG 

06 PHE 

07 PRO 

08 TYR 

09 THR 

10 GLY 



Figure 1c 
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BamHI 




Figure 5 
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Figure 6 (sheet 1 of 7) 

• • • • • 

GJIgGACTTCCCGTCCTATTCGGCCTCGTCCGCTGAAGATCCATCCCACCA 

Sail 

• • • • • 

TTGCACGTGGGCCACCTTTGTGAGCTTCTAACCTGAACTGGTAGAGTATC 100 



• • • • • 

ACACACCATGCCAAGGTGGGATGAAGGGGTTATATGAGACCGTCCGGTCC 



• • • • ■ 

GGCGCGATGGCCGTAGCTGCCACTCGCTGCTGTGCAAGAAATTACTTCTC 200 

• • • • • 

ATAGGCATCATGGGCGTCTCTGCTGTTCTACTTCCTTTGTATCTCCTGTC 

translation start 

• • • • • 

TGG GTATGCTAAGCACCACAATCAAAGTCTAATAAGGACCCTGCCTTCCG 300 

start< 

• • • • • 

AGGGCCCCTGAAGCTCGGACTGrGTGGGACTACTGATCGCTGACTATCTQ 

— intron 

• • • • • 

TGCAGAGTCACCTCCGGACTGGCAGTCCCCGCCTCGAGAAATCAATCCAG 400 

->ena 

• • • • • 

TTGCGATACGGTCGATCAGGGGTATCAATGCTTCTCCGAGACTTCGCATC 



• • • • • 

TTTGGGGTCAATACGCACCGTTCTTCTCTCTGGC AAACGAATCGGTCATC 500 

• • • • • 

TCCCCTGAGGTGCCCGCCGGATGCAGAGTCACTTTCGCTCAGGTCCTCTC 

• • • • • 

CCGTCATGGAGCGCGGTATCCG ACCGACTCCAAGGGCAAGAAATACTCCG 600 



• • • • • 

CTCTCATTGAGGAGATCCAGCAGAACGCGACCACCTTTGACGGAAAATAT 



GCCTTCCTG AAGACATACAACTACAGCTTGGGTGCAGATGACCTGACTCC 700 



• • • • • 

CTTCGGAGAACAGGAGCTAGTCAACTCCGGCATCAAGTTCTACCAGCGGT 

• • • • • 
ACGAATCGCTCACAAGGAACATCGTTCCATTCATCCGATCCTCTGGCTCC 800 

• • • • • 

AGCCGCGTGATCGCCTCCGGCAAGAAATTCATCGAGGGCTTCCAGAGCAC 



• • • • • 

CAAGCTGAA6GATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCG 900 
BamHI 

• • • • • 

ACGTGGTCATTTCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGC 



• • • • ■ 

ACCTGCACTGTCTTCGAAGACAGCGAATTGGCCGATACCGTCGAAGCCAA 1000 
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TTTCACCGCCACGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACC 



TGTCCGGTGTGACTCTCAC AGACACAGAAGTGACCTACCTC ATGG ACATG 1100 



TGCTCCTTCGACACCATCTCCACCAGCACCGTCGACACCAAGCTGTCCCC 

Sail 

• • • • ■ 

CTTCTGTGACCTGTTCACCCATGACGAATGGATCAACTACGACTACCTCC 1200 



AGTCCTTGAAAAAGTATTACGGCCATGGTGCAGGTAACCCGCTCGGCCCG 



ACCCAGGGCGTCGGCTACGCTAACGAGCTCATCGCCCGTCTGACCCACTC 1300 



GCCTGTCCACGATGACACCAGTTCCAACCACACTTTGGACTCGAGCCCGG 



CTACCTTTCCGCTCAACTCTACTCTCTACGCGGACTTTTCGCATGACAAC 1400 



GGCATCATCTCCATTCTCTTTGCTTTAGGTCTGTACAACGGCACTAAGCC 



GCTATCTACCACGACCGTGGAGAATATCACCCAG ACAGATGG ATTCTCGT 1500 



CTGCTTGGACGGTTCCGTTTGCTTCGCGTTTGTACGTCGAGATGATGCAG 



TGTCAGGCGGAGCAGGAGCCGCTGGTCCGTGTCTTGGTTAATGATCGCGT 1600 



TGTCCCGCTGCATGGGTGTCCGGTTGATGCTTTGGGGAGATGTACCCGGG 



ATAGCTTTGTGAGGGGGTTGAGCTTTGCTAGATCTGGGGGTGATTGGGCG 1700 



GAGTGTTTTGCT TAG CTGAATTACCTTGATGAATGGTATGTATCACATTG 

translation stop 

• « ■ • • 

C ATATCATTAGCACTTCAGGTATGTATTATCGAAG ATGTAT ATCG AAAGG 1800 



ATCAATGGTGACTGTCACTGGTTATCTGAATATCCCTCTATACCTCGTCC 



CACAACCAATCATCACCCTTTAAACAATCACACTCAACGCACAGCGTACA 1900 



AACGAACAAACGCACAAAGAATATTTTACACTCCTCCCCAACGCAATACC 



AACCGCAATTCATCATACCTCATATAAATACAATACAATACAATACATCC 2000 
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ATCCCTACCCTCAAGTCCACCCATCCTATAATCAATCCCTACTTACTTAC 



TTCTCCCCCTCCCCCTCACCCTTCCCAGAACTCACCCCCGAAGTAGTAAT 2100 



AGTAGTAGTAGAAGAAGCAGACGACCTCTCCACCAATCTCTTCGGCCTCT 



TATCCCCATACGCTACACAAAACCCCCACCCCGTTAGCATGCACTCAGAA 2200 



AATAATCAAAAATAACTAAGAAGGAAAAAAAAGAAGAAGAAAGGTTACAT 



ACTCCTCTCATACAAACTCCAAGACGTATACATCAAGATGGGCAATCCCA 2300 



CCATTACTGATATCCATCTATGAACCCATTCCCATCCCACGTTAGTTGAT 



TACTTTACTTAGAAGAAGAAAAAGGGAAGGGAAGGGAAAGAAGTGGATGG 2400 



GATTGAGTTAGTGCTCACCGTCTCGCAGCAAGTTTATATTCTTTTGTTTG 



GCGGATATCTTTCACTGCTCCTGCTGGACGTTGTCACGGGGTGGTAGTGG 2500 



TTGGCGGTGGTGAGGGTCCATGATCACTCTTGGTTTGGGGGGTTGTTGTT 



GTCGTTGTTGTTGTTGTTGGGTGGGCATTTTCTTTTCTTCACTTGGGGAT 2600 



TATTATTTGGAATTGGTTAGTTTGAGTGAGTGGGTAATATTGAATGGGTG 



ATTATTGGGAATGAAGTAGATTTGGCT ATG AATGGTTGATGGGATGGAAT 2700 



GAATGGATGGATGAATAGATGGAGGCGGAAAAGTCAGGTGGTTTGAGGTT 



CGGATTATTATCTTTGTGCCTGAGGCATCACTCTCCATCT ATGTTGTTCT 2800 



TTCTATACCGATCTACCAGAGCTAAGTTGACTGATTCTACCACAGTGCAC 



AATAAGTATGTACTTATTTCATTTAGAGTATTTAG ATTAACCCGCTGTGC 2900 



TATTTGCCGTAGCTTTCCACCCAATTTCGAAGTTCGAAGAATTAAAACTC 



ATCCTAC AGTAC AG AATAGAAGTAAAAGGAG AAG AG AAAAACAAG ATAAT 3000 
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ACAACCAGTCCAGGTCCATTCTAGATCTCGAATGACCACCAAATAAGAAA 



GC AACAAGCAAGTAAGCAAAGCATAAGTCT AAATGAACGCCAATAACTTC 3100 



ATCGCCTGCCTTTGAAACTGAACGCTATGCACGAATGGCTCGAAATGATT 



CCCTTAACTCCGTAGTATTGAGAGTGAGAGGAAAAGAAAAAAAGAGACAG 3200 



AAAAGCTGACCATGGGAAAGAAGCATGATCAGTCGGGAATGGATCTGCGG 



GTTGAGATAGATATGAGTTGCCTCGCAGATCCGGTGACAAG ATAAGAGAA 3 300 



TTGGGAGATGTGATCAGCCACTGTAACTTCATCAAGCATCGACATTCAAC 



GGTCGGGTCTGCGGGTTGAGATGCAAGTTGAGATGCCACGC AGACCCGAA 3400 



CAGAGTGAGAGAXGTGAGACTTTTGAACCACTGTGACTTCATCAAGCATC 



AAAACACACTCCATGGTCAATCGGTTAGGGTGTG AGGGTTG ATATGCC AG 3500 



GTTCGATGCCACGCAGACCCGAACCGACTGAGAAATATGAAAAGTTGGAC 



AGCCACTTCATCTTCATCAAGCGTAAAACCCCAATCAATGGTAAATCGAA 3600 



AACGAATCTGCG6GCT6ATGTGGAAATGAGACGAATGCCTCGCAGATTCG 



AAGACACGTAAATCGAGATG AACAATCACTTTAACTTCATCAAAGCCTTA 3700 



AATCACCCAATGGCCAGTCTATTCGGGTCTGCGGGTTGAGGTTCCTGTTG 



AG ATGCCACGCAGACTGCGAACATGCGATGCATTATAAGTTGGACGAGTG 3800 



TAGACTGACCATTGATAACCGAGATAAACAATCACTTCAACTTCATCAAA 



GCCTTAAATCACTCAATGGCCAGTCTGTTTGCGGTCTGCGGGCTGATACC 3900 



CAAGTTGCGATGCCACGCAGACTGCAAACATTGATCGAGAGACGAGAAAA 



AC AACGCACTTTAACTTCAACAAAAGCCTTTCAATCAGTCAATGGCC AGT 4000 
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CTGTTCGCGGTCTGCGGGCTGATATGCGAGTTGAGGTGCCTCGCAGACCG 



CGAAC ATGCGATGTAATTTCTTAGTTAGACGAGTGCCTGGCCATTGAGAA 4100 



ACGAGAGAAACAACCACTTTAACTTCATGAAAGCCTTGAACTACTCAATG 



ACCCGTCTGTTGGCGGTCTGCGGGCTGATATTCGAGTTGAGATGCCACGC 4200 



AGACCGCCAACATGCGATGTATCATGTAAGTTAGATGAGTGACTGGCCAT 



TGAGAAACGAGAGAAACAACCACACTTCATGAGAGCCTTAAATTATTCAA 4300 



TGACCAGTCTGTTCACGGTCTGCGGGTTGGTATGCGAGTCGAGGTGCCTC 



GCAGACCGCGAACATGCGATGTTTTCGATGGACGAGTGAAGCCTG ACGAT 4400 



CGAGAACTATCTCAGTTGGGTTGGCCATTCGGCTGGCCGTTGGGTTTAGT 



ATTAGGATCGTCAGGTTTGTCCGATGG AACGTTCCGTTTGCGTGCGTTGG 4500 



CGCGACGAGCCCTCTCCTCGGCGTGATTCTGAAATTCTGCAATCAGGGCA 



GCCGCAGCACGGCGACGGGACGTCCTCCAGGAGCTGTGTTGAAGTTTCGG 4600 



GGTGGCGGTCCAGAAGGGGGAGTTACATTAAAAGCCTCATAGATGTCTTT 



GGGTGGTTCCGGGGGGCCCATCGCAAGATCTTCTGGAGTTGTGCGTCTGA 4700 



TCATCTCTTGAGTGTAATTGCGACGCAGACCGAGCTTCAGGATTTTGGAA 



GGGCTGGATCGCTCCTGCTGACTCTTTCCCTCAGCGGGCTTCGTCTCGGC 4800 



AGTCTTCATTTCGGCGGGCTGATCTTCCATCTCAGAATGGGATCGCTTTC 



TGGTCGCTGCACCCGCTCCTCCCTTCAAGGTCAGCTTGATGCGCAGCGTC 4900 



TTGGGCGGCTCAGCTGGTGGAGTTGGTTCCGGCTCTGGCTCCCTCCGGCG 



TCGCTTGGGCACTTGAGTAGTCTCTGAGGCTTCGCCGCGGCGCCGTTTGC 5000 
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GAGTCGGCTCCTTGGTCTCTTTGGCCTCTTTCACTTCACCTGGACCGTCT 



TTCGGGGCGGTTTCATCGTGCTGAGCGATCAAGGTTTGGATGTAGGCAGC 5100 



CGGCATCATTCGATCAACGGCAATTCCTCTCTTGCGGGCCTCCTCCCGAG 



CCTTGATTGTCGCCTTGACCTCGTCCACGTTTTCGAAGAAGAAAGGC ATC 5200 



TTGTTATCCTGAGGCAAGTTGCGCTCTCCCATGCGTGGGGATATCCGAAG 



ATGCGGTCCTTCTCGAACTGTTCATG AGACTTCAGACGAATTGGAGGCTG 5300 



GGGGAGCAATTTGTCTCCGTAGGTGTTGTTAGGGCGGAACCAAGAATAGC 



CTTCGCCTACAACGACAAGCTCTTCGCCAAATTTATTTTTTTGGCCTGTA 5400 



AAAACGAACCCATCCTCGTCAGTCCACCGGTGCGTCTCGGACGTAGAGAT 



TGGCTTACTTATTCCCTCAACGCCGATCTCTGCCTGGGGCTGCGCTTCGG 5500 



ATGCGGCCTCGGTCACGGCTCCGCCTCGGACTGCACCGCTGGAGTTTCGG 



TCTTCTTCTCCTGCTTCTCCAGGTACTCCTTGCGTAACTCTTCGATCAGC 5600 



CTCGGCTTCCGATGACTGCTCAAATTCTGGAGCAACAGCTGCCGCGGCCA 



GGTCAAGCAGGCGGTTTGCTAAAACTGCCCATTTTCCATCGACACCTGCC 5700 



TCCGACGCCTGTGCAAAACCAGCTGTTTTCGCATTGGCCTGTTTGTTGGC 



ACGCGTCTTCTTGACTGCTGCCTTGCCCTTTACTTCCTTGAGAGCAGACT 5800 



CTGGCTTAGATGATGGTGCACGGTTTCTGCGGAAGCGCCGCTCAGATTCC 



AAAGATTCCATAGCTTTAATGGTAGGCTTTCTGGTTCTTCCAG AAGTGCG 5900 



CGCAGCTGACGTAGTGGTTGAGTAGCTGGCAGTTGGGGATCCTGGGCCCT 



CATTGGAACCATCAAGACCAAATTTGTTTCCATACATATCAGCATGGTAT 6000 
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TCAAAAGGAAAACTTTCGCCGTACGGAGTACTGCGTTCGATTCCGGGTGT 



ATCCAAGTCGTATCCAGACATGGTGTCGAATTCAGCCTTGCTGTCAAGAG 6100 



CAGGGGTACTTTCAATGCT6TCA6CAACCACGCGGCCAAAG6GCGTCTTC 



GGGAAAGAAGGTGTTTCAAGAGAAGCGTCATCCACGGCCTGGCTTGCGGC 6200 



GTTGATTGCAGACTTTCGAGTAGATCGCTGAGGTCGCGAACTGGTTCGAG 



TAGCAACCTGTGAATTGGCAGCCTTGTGACTGCTTCGATTCACTGCAGAG 63 00 



ACGGAGTAGACTGCACTGATTTGGAATTCTGAGTCGCAGCCATTCTGGAT 



TTGCGTTCGGCGCGACGAGATCTCGCAGTCGTGGTACGAGGAGTAG AGCG 64 00 



AGGCTGCGTAGCAGTGTTGCAAGCTTGGTGCTAGCCTCCTGGGCTTCAGC 



AGCTTCAGCAGTGGTGGCAGACGCAGCAGAATTAGCGGAGCTTTATCGGC 6500 



TTTGCCGCTCTGAGCGTTGGGAGTAGAAGTGAGAGAAGAGGTAGAGTCCA 



CGGAAGAAGTCTTCTCGCTGTTCTCAAAGCCGTTC AGCTTTGCTGGCATA 6600 



GACTTACGCGTCTTGCGGCTGTTGGAAGCGGAAGAGTTCATGGCGGGAGA 



GGAG ACGTTAGAAGTAGACATGGTGGGGTTTGTTGACGGGTTTTGAGTAA 67 00 



CAAGAGACTTGCGTCGATCTTTGAGTGTTCTTGACAGAAAGTTATGCAAC 



GTCGAC 6756 

sail 
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Figure 8 (sheet 1 of 2) 



ATGGGCGTCTCTGCTGTTCTACTTCCTTTGTATCTCCTGTCTGGAGTCAC 
MGVSAVLLPLYLLSGVT 
-23 -20 ' -10 

CTCCGGACTGGCAGTCCCCGCCTCGAGAAATCAATCCAGTTGCGATACGG 100 
SGLAVPASRNQS8CDT 
' -1+1 ' 10 

TCGATCAGGGGTATCAATGCTTCTCCGAGACTTCGCATCTTTGGGGTCAA 

VDQGYQCFSETSHLWGQ 

f 20 ' 

TACGCACCGTTCTTCTCTCTGGCAAACGAATCGGTCATCTCCCCTGAGGT 200 
YAPFFSLANESVISPEV 
30 ' 40 

GCCCGCCGGATGCAGAGTCACTTTCGCTCAGGTCCTCTCCCGTCATGGAG 
PAGCRVTFAQVLSRHG 
'50 '60 

CGCGGTATCCGACCGACTCCAAGGGCAAGAAATACTCCGCTCTCATTGAG 300 
ARYPTDSKGKKYSAIiIE 

GAGATCCAGCAGAACGCGACCACCTTTGACGGAAAATATGCCTTCCTGAA 
EIQQNATTFDGKYAFLK 
80 ' 90 

GACATACAACTACAGCTTGGGTGCAGATGACCTGACTCCCTTCGG AGAAC 400 
TYNYSL6ADDLTPFGE 
' 100 ' 110 

AGGAGCTAGTCAACTCCGGCATCAAGTTCTACCAGCGGTACGAATCGCTC 
QELVMSGIKFYQRYESL 

/ 120 ' 

ACAAGGAACATCGTTCCATTCATCCGATCCTCTGGCTCCAGCCGCGTGAT 500 
TRNIVPFIRS8GSSRV I 
130 ' 140 

CGCCTCCGGCAAGAAATTCATCGAGGGCTTCCAGAGCACCAAGCTGAAGG 
ASGKKFIEGFQSTKLR 
' 150 ' 160 

ATCCTCGTGCCCAGCCCGGCCAATCGTCGCCCAAGATCGACGTGGTCATT 600 
DPRAQPQQSSPKIDVVI 

' 170 ' 

§ 

TCCGAGGCCAGCTCATCCAACAACACTCTCGACCCAGGCACCTGCACTGT 
SEASSSNNTLDPGTCTV 
180 ' 190 

CTTCGAAGACAGCGAATTGGCCGATACCGTCGAAGCCAATTTCACCGCCA 700 
FEDSELADTVEAMFTA 
' 200 ' 210 
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CGTTCGTCCCCTCCATTCGTCAACGTCTGGAGAACGACCTGTCCGGTGTG 
TFVPSZRQRLEMDLSGV 

' 220 ' 



ACTCTCACAGACACAGAAGTGACCTACCTCATGGACATGTGCTCCTTCGA 
TLTDTEVTYLMDMCSPD 
230 ' 240 

CACCATCTCCACCAGCACCGTCGACACCAAGCTGTCCCCCTTCTGTGACC 
TISTSTVDTKLSPPCD 
' 250 ' 260 

TGTTCACCCATGACGAATGGATCAACTACGACTACCTCCAGTCCTTGAAA 
LPTHDEWINYDYLgSLK 

9 270 ' 



800 



900 



AAGTATTACGGCCATGGTGCAGGTAACCCGCTCGGCCCGACCCAGGGCGT 
KYYGHGAGNPLGPTQGV 

280 ' 290 

CGGCTACGCTAACGAGCTCATCGCCCGTCTGACCCACTCGCCTGTCCACG 
GYANELIARIiTHSPVH 



300 



310 



ATGACACCAGTTCCAACCACACTTTGGACTCGAGCCCGGCTACCTTTCCG 
DDTSSNHTLDSSPATFP 

' 320 ' 

CTCAACTCTACTCTCTACGCGGACTTTTCGCATGACAACGGCATCATCTC 
LKSTLYADFSHDN6IIS 
330 ' 340 

CATTCTCTTTGCTTTAGGTCTGTACAACGGCACTAAGCCGCTATCTACCA 
ILFALGLYN6TKPLST 
» 350 ' 360 

CGACCGTGGAGAATATCACCCAGACAGATGGATTCTCGTCTGCTTGGACG 
TT VENITQTDG PSSAWT 

' 370 ' 



1000 



1100 



1200 



GTTCCGTTTGCTTCGCGTTTGTACGTCGAGATGATGCAGTGTCAGGCGGA 
VPPASRLYVEMMQCQAE 
380 ' 390 

GCAGGAGCCGCTGGTCCGTGTCTTGGTTAATGATCGCGTTGTCCCGCTGC 1300 
QEPLVRVLVNDRVVPL 
' 400 ' 410 

ATGGGTGTCCGGTTGATGCTTTGGGGAGATGTACCCGGGATAGCTTTGTG 
BGCPVDALGRCTR D 'SFV 

' 420 ' 

AGGGGGTTGAGCTTTGCTAGATCTGGGGGTGATTGGGCGGAGTGTTTTGC 1400 
RGLSPARS6GDWAECPA 

430 ' 440 

TTAG 1404 
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